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INTRODUCTION 
Evolution is a process which brings about changes in gene 
frequencies in populations, resulting in their different make ups. 
The change is brought about by several factors including mutation, 
migration and selection, besides a chance factor called genetic 
drift. 
The main objective of human population genetics is to study 
the genetic compositions of the population and the laws and 
principles which govern and determine these compositions. The 
basic unit of study in the population genetics is gene rather than 
genotype of an individual. A population can, therefore, 
conveniently be characterised by a set of gene frequencies. 
One of the purpose of population genetics is to study the 
mechanism of origin and maintenance of genetic variability. (^ The 
genetic variability is studied in terms of polymorphism of various 
genetic markers as genetic polymorphism which is defined as the 
occurrence in the same population of two or more alleles at one 
locus, each with appreciable frequency (Cavalli-Sforza and 
Bodmer, 1971) Scholars of population genetics agree that Natural 
Selection and stochastic processes are responsible for maintenance 
of these genetic polymorphism in the human population. 
The discovery of the ABO blood groups at the turn of the 
twentieth century (Landsteiner, 1900) was the first demonstration 
of the existence of a serologically defined polymorphism in man, 
and since then a number of red blood cell antigen systems viz. 
MNSs, Rhesus, Kell, Duffy, Kidd. Lewis and Lutheran, among 
others,have been established (Race and Sanger, 1975). The first 
example of a biochemically (electrophoretically) detectable 
polymorphism could however, only be found in the middle of the 
century, when Smithies (1955) demonstrated the polymorphism of 
human serum protein Haptoglobin. 
The characterization and analysis of genetic variation at the 
HLA loci provides important insight for population geneticist 
trying to understand the evolutionary forces that have shaped 
human populations. HLA complex is located on the 6p21(Jin and 
Wang, 2003). It contains three gene regions : Class I, Class H and 
Class HL Class I and H genes have been amongst the most 
polymorphic systems known in the human genome by now. In the 
past years, by the extensive use of molecular biology methods, the 
number of the HLA-polymorphism has increased by eight to nine 
times. About 1,700 alleles in HLA class I and II region have been 
identified around the world (Yan et al.j 2003). The nature of 
polymorphism and molecular sequence variation in HLA gene is a 
consequent selection pressure due to environmental factors, 
mutation, ethnic groups admixture and other factors (Lee, 1990) 
The blood group and protein polymorphisms provide an 
estimate of genetic variation only in the coding (exon) region of 
DNA. However, in recent years, using new molecular biology 
techniques and a variety of restriction enzymes (endonucleases), 
DNA itself can be analysed for variability. Thus the introduction 
of DNA markers has revolutionized population genetic studies and 
many queries have now become possible viz. molecular drive, drift 
etc. DNA finger-printing (Jeffreys et al., 1985) added to the 
technique of exact identification of individuals and with statistical 
tools, has led to establishment of family relationship and 
identification of population isolates. While these markers are 
mainly hypervariable loci with different number of repeats, their 
sequence lengths such as VNTR, STR, and a number of restriction 
endonuclease probes with PCR assisted techniques are well 
established. Some of these markers have been extensively studied 
in human populations viz. autosomal loci, STR, D1S7, D2S44, 
VNTR, D1S80, D7S467, D16S267, D17S79, X-linked DXS453, 
DXS454, DXS422, DXS981, Y-linked Y27H39 (Kashyap and 
Gupta, 1995). The other markers, non-functional one, include Alu 
mtNUC (Zischler et al., 1995), AluAPO, AluACE, AluDl 
(Stoneking et al., 1997), Alu CD4 (Edward and Gibbs, 1992) and 
ESR (Anderson et al., 1994), NAT (Cascorbi et al., 1996), CYPIA 
(Hayashi et al., 1991). 
Harris (1980) lists as many as 40 enzyme polymorphisms in 
which two (common) alleles, each producing a discrete effect on 
the formation of isozymes, have been found in one or several 
major human populations. However, only any of them show 
worldwide variation, and therefore, have some anthropological 
significance for human population genetics studies. The most 
commonly studied enzyme polymorphisms in world populations 
include Acid phosphatase, Phosphoglucomutase locus 1, Adenylate 
kinase locus 1 and Adenosine Deaminase. Among other useful 
enzyme systems. Esterase D and Glyoxalase locus 1 have been 
studied in world populations (Mourant et al., 1976; Tills et al., 
1983). 
The association between gene frequencies and environmental 
factors have been made for a number of polymorphic loci (Flint et 
al., 1986; Flatz, 1987). It seems that this type of association study 
is an effective way to make an inference about selective 
mechanisms, which could be done by having the data on the 
distribution of gene frequencies among various populations 
provided that the population is endogamous. 
Gene frequency data are very useful for studying the genetic 
relationship and evolution of human population,. Comparison of^  
gene frequencies for one or two loci is not reliable since each 
locus has a different distribution. Only when a large number of 
loci are examined, the genetic relationships becomes clear 
(Cavalli-Sforza and Edwards, 1964). This is particularly because 
the interpopulational genetic variation is very small compared 
with the intrapopulational variation at the gene level (Lewontin, 
1972; Nei and Roychoudhry, 1974. 1982). However, if a large 
number of loci are examined, even small difference can be 
detected with sufficient accuracy. If there are gene frequencies for 
a number of loci in a population, the heterozygosity for individual 
locus can be calculated and average heterozygosity per locus for a 
population is obtained. The average heterozygosity indicates the 
magnitude of genetic variation that exists within a population. 
Once a set of population have been investigated for a number 
of genetic characters, the populations can be grouped in some way 
on the basis of their inter-relationships. The similarities and 
differences between the population in different groups can then be 
used to get some idea about the nature of the forces which have 
prevailed in the evolutionary history of the population. The inter-
relationships may be studied in terms of the variations in the gene 
frequencies at individual loci. 
The genetic differentiation between a pair of population is 
usually measured by a quantity called the genetic distance which 
is a function of gene frequency. There are several different 
measures of genetic distances (Sanghvi, 1953; Cavalli-Sforza and 
Edwards, 1964; Latter, 1973; Nei, 1973). Once genetic distance 
are estimated for a group of populations, their genetic 
relationships can be studied by using dendrogram, principal 
component analysis etc. (Cavalli-Sforza and Bodmer^ 197It Nei 
1973; Sneath and Sokal,1973). 
India has complex ethnic history and different climatic and 
ecological zones, it offers a rich field for the study of genetic 
differentiation process in man, and also for the analysis of the 
factors responsible for the considerable genetic variability seen 
among its various population, (Bhasin, 2002). It has almost all 
major racial groups of mankind. A look on the ethnical history of 
India more <:losely at the people, reveals that Indians belong to 
two different categories, the so called aborigins and next the 
offspring of the Aryan or Sanskrit speaking race, along with the 
mixed ones known as the Hindus and the Musalmans (Hunter, 
1897). Caste system in India has its origin in verna system with its 
language, state and religious base, hence study of caste 
differentiation can be undertaken with these three points of views 
(Karve, 1961). 
Muslims of India comprise more than 12% (Shariff, 1998) of 
the population and they exhibit a diversity of linguistic and ethnic 
groups belonging to different biradaris (so-called castes), besides 
few tribes. The distribution of Muslims in different states shows 
that the highest number is found in Uttar Pradesh which can also be 
said to be the central part of the North Indian Muslims 
(Badarruddoza, 1992). The Muslims originated in one of the two 
ways (a) A group came and settled during the various historic 
migrations and invasions (b) Another group is believed to be 
formed through process of preselytization of the indigenous Hindu 
population of a comparatively lower and middle order in the 
prevailing caste hierarchy, besides sections of a few tribes living 
in the fringe area of caste dominated regions (Roychaudhary, 
2000). They belong to two major sects: Sunnis and Shias, while 
each sect has different groups, which are grouped under Ashraf and 
Ajlaf (Ansari, 1959). The former comprise of higher rank Muslims 
like Syeds, Sheikhs, Pathans and Mughals while the latter comprise 
of Qureishis, Ansaris, and other groups of lower occupation 
(Ahmad. 1978). A large number of the latter may also have 
converted from local indigenous populations of other faiths (Afzal, 
1984). While the Muslim conquerors from the North-West, though 
numerically a minority group, is almost left untouched because of 
some unexplained reasons, though a few studies have been 
attempted (Rizvi, 1984; Hakim, 1971; Chahal et al., 1989) or these 
have been studied as a part of local Hindu and Muslim populations. 
The prevalence of cousin marriages among Muslims, though, 
has attracted many scholars who are engaged in the study 
of biological consequences of inbreecling(Afzal and Sinha, 1983; 
Badaruddoza,1992; Bittles, 2001;2002)but no systematic attempt 
has ever been made to study the genetic characteristics and ethnic 
affiliations of this population using detailed protein and enzyme 
markers in large and mainstream populations which is composed of 
numerous endogamous, isolated and culturally divergent groups. 
In the present work, an attempt has been made to study the 
genetic polymorphism of various genetic markers like blood group 
systems, G6PD, sickling and P-thalassajnia trait and red cell 
enzyme systems among different endogamous groups of Muslim 
populations namely: Syed, Sheikh, Pathan, Qureishi, Ansari and in 
Hindu Bania. 
1.2 Review of Literature^ 
1.2.1 Phenylthio Carbamide Tasting (PTC) 
Variation in the ability to taste PTC was discovered by Fox 
(1931), while supplementation of the standard test using quinine 
was suggested by Kalmus (1958). Ability to taste it has been 
thought to be dominant. Reddy and Rao (1989) concluded that 
variability in thresholds is controlled by a major locus with 
incomplete dominance as well as by a multi-factorial component. 
The incidence of inability to taste PTC is much lower in 
blacks than in white in North America: 3% as compared with 30% 
(Allison and Blumberg, 1959). Shepard (1986) suggested that the 
difference in incidence of newborn athyreotic cretinism in the two 
races may have a basis in this difference in the PTC taste 
polymorphism. PTC is structurally similar to 6-n-propylthioluracii 
(PROP) and the naturally occurring anti-thyroid substance 1-
goitrin; all members of this class of chemicals have anti thyroidal 
activity and are not tasted by PTC non-tasters (Shepard, 1961). 
Tepper (1998) reviewed the literature for the ability to taste PTC 
and PROP and the implications for food preference and dietary 
habits. PROP and PTC are members of a class of compounds 
known as thioureas. The compounds carry the chemical group N-
C=S, which is responsible for their characteristics bitter taste 
(Bartoshuk et ai, 1994; Drewnowski and Rock, 1995). PROP and 
PTC are chemically related to the isothiocynanates and goitrin. 
Tepper (1998) noted that the incidence of thyroid deficiency 
disease is relatively rare among PTC tasters. Kinnamon (2000) 
reviewed the role of taste receptors in taste transduction. Wooding 
et al. (2004) examined patterns of DNA sequence variation to test 
the PTC gene for evidence of long-term selection pressure. 
Reed et al. (1999) identified a locus on chromosome 5pl5 as 
giving the strongest evidence for linkage to PROP tasting, with the 
peak score near D5S2505. In addition to chromosome 5, there was 
a suggestion of linkage on chromosome 7, about 35 to 40cM 
centromeric to the KEL locus with a maximum t-score of 2.34 
(P=0.008) near D7S1789 and D7S796. Linkage of PTC and blood 
group Kell, mapped to chromosome 7, had also been reported by 
Chautard-Freire-Maia (1974). A number of small scores, when 
combined, hinted that KEL and PTC may be linked to Colton, Km 
and Kidd (JK) , which were thought to be on the chromosome 7 
(Keats et al., 1978). Kim et al. (2003) identified a small region on 
chromosome 7q, that showed strong linkage disequilibrium 
between SNP markers and PTC taste sensitivity in unrelated 
subjects. Drayna et al. (2003), undertook a genetic analysis of the 
complex trait, ability to taste PTC. Kim et al. (2003) cloned the 
TAS2R38 gene and identified three coding SNPs giving rise to 
haplotypes worldwide that completely explain the bimodal 
distribution of PTC taste-sensitivity. Nebert (1997) suggested that 
the first example of pharmacogenetics was the phenyl thiourea 
nontaster trait first described by Snyder (1932). 
1.2.2 Colour-blindness 
The characteristic X-linked recessive pedigree pattern of colour-
blindness was probably first pointed out by Swiss ophthalmologist 
Horner in the 1870s (Thompson, 1986). Emery (1988) pointed out 
that Dalton's first scientific paper (Dalton, 1798) was concerned 
with his own affliction of colour-blindness. The Young-Helmholtz 
theory, of the 19"" century (Young, 1802), assume three elemental 
10 
mechanisms for colour vision: one with maximal sensitivity for 
red, a second for green, and a third for blue-violet. Hunt et al. 
(1995) presented the results of analysis on DNA extracted from 
Dalton's preserved eye tissue, showing that Dalton was a 
deuteranope. Pline Earle, described the inheritance of colour-
blindness on the basis of observations in his own family (Earle, 
1845). 
Waaler (1968) distinguished two types of normal colour 
vision according to 'green point' i.e. the point at which the subject 
sees pure green, and two types according to 'bluepoint ' . Arias and 
Rodriguez (1972) concluded that the recombination fraction for 
the deutan and proton loci may be higher. Fillippi et al. (1977) 
found linkage disequilibrium between G6PD and protan colour-
blindness. Thomas Young (1802) hypothesized that trichomacy is 
the consequence of humans having three independent light-
sensitive mechanisms. 
Nathans et al. (1986) isolated and sequenced genomic and 
cDNA clones that encode each of the three visual pigments. The 
deduced amino acid sequences shows 41% identity with rhodopsin. 
The red and green pigments show 96% mutual identity, but only 
43% identity with the blue pigment. Drummond-Borg et al. (1989) 
found abnormalities of colour vision pigment genes in 15.7% of 
Caucasian men. It has been suggested that the colour-blindness 
11 
polymorphism is a heritage from frugivorous arboreal ancestors 
(Grossman, 1974). Using refined methods, Neitz and Neitz (1995) 
reexamined the numbers and ratios of genes in the Xq28 cluster in 
men with normal colour vision. Deeb et al. (199-4) predicted that 
the spectra of red and green pigments of the apes have 
wavelengths of maximum absorption, differing very little from the 
equivalent human pigments and that colour vision in these non-
human primates is very similar. Ruberg et al. (1996) tested 
whether colour vision deficient humans also have light induced 
melatonin suppressor. Simunovic et al. (2001) found no evidence 
that red-green colour deficiency or monochromatism confers a 
selective advantage under scotopic conditions. Jagla et al. (2002) 
investigated the genotypic variation in 50 red-green colour vision-
deficient males (27 deuteranopes and 23 protanopes) of middle 
European ancestry who possessed multiple genes in the X-linked 
photopigment gene array Ueyama et al. (2003) studied Japanese 
males and found that 15% had a normal genotype of a single red 
gene followed by one or more green genes. In a Japanese subject 
with deutan colour-blindness, Ueyama et al. (2002) found an asn-
94-to-lys (AAC-AAA) missense mutation in the single green gene. 
1.2.3 ABO blood group system 
Landsteiner (1900) recognised the existence in humans of 
the ABO blood group system, comprising A, B and O groups. 
12 
Decastello and Sturli (1902) discovered the fourth group, AB, of 
the system. In latter studies, it was possible to subdivide A group 
into Ai and A2 (Dungern and Hirszfeld, 1911) and A3 (Fridenreich, 
1936). The mode of inheritance of the ABO groups (Bernstein, 
1924) and further A| and A2 subgroups (Thomsen et al., 1930; 
Friedenreich and Zacho, 1931) has been well established. 
Existence of differences in the frequencies of the ABO blood 
groups from one population to another was first noted by Hirszfeld 
and Hirszfeld (1919), and this was followed by many extensive 
studies on various populations of the world for this system. 
Observations made on several castes of the "Bombay" (Oh) 
phenotype, originally observed by Bhende et al. (1952). have 
provided valuable insight into the genetical pathway involved in 
the synthesis of the ABO blood group antigens. A biochemical 
method for the determination of heterozygous genotypes of A and 
B phenotypes has recently been described by Yoshida (1982). 
Recent researchers have assigned the ABO locus to the distal 
end of the long arm of human chromosome 9(9q 33-^ qter) 
(Ferguson-Simth et al., 1976; Westerveld et al., 1976). It is linked 
to the loci for nail-patella syndrome (Renwick and Lawler. 1955) 
and adenylate Kinase (Rapley et al.. 1967). Narahara et al. (1986) 
assigned the ABO and AKI loci to 9q31.3-qter. Yamamoto et al. 
(1990) showed that cells of the histo-blood group phenotype 'O" 
expresses a message similar to that of A and B alleles. Johnson 
and Hopkinson (1992) showed that one could use PCR followed by 
denaturing gradient, gel electrophoresis, for rapid identification of 
the 6 major ABO genotypes. Yamamoto et ol. (1995) isolated 
genomic DNA clones encompassing 30kb of the ABO locus. 
Studies by Olsson et al. (2001) of the ABO gene in person 
with serologically atypical findings, including sequencing of the 
full coding region (exons 1-7) and two proposed regulatory 
regions of the gene, revealed fifteen novel A and B sub group 
alleles. Glass et al. (1985) indicated that individuals with blood 
group O are at higher risk of contracting cholera than those with 
other blood groups and that individuals with blood group AB are 
relatively resistant to cholera. Clemens et al. (1989) demonstrated 
that individuals with blood group O are at higher risk for cholera 
due to only EI T or biotype of V. cholerae 0 1 . Yip (2002) 
reviewed the extensive studies of the ABO blood groups by DNA-
based genotyping methods and DNA sequencing. Blumenfield 
(2003), on the basis of her blood group antigen mutation database, 
stated that 88 allelic variants has been documented. The study by 
Seltsam et al. (2003) involved complete sequencing of the ABO 
gene. Recently, various workers (Yip 2000; Ferri et al., 2004. 
Rubinet et al., 2004) have carried out the molecular 
characterization of ABO blood group. ^\^j>^ 
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1.2.4 Rh system 
The discovery of Rhesus (Rh) blood groups (Landsteiner and 
Wiener, 1940) and its role in erythroblastosis foetalis (Wiener and 
Peters, 1940; Levine et al. 1941) was one of the greatest 
advancement in the history of serology. Individuals are classified 
as Rh positive and Rh-negative, according to the presence or the 
absence of the major D antigen on the surface of their 
erythrocytes. By southern blot analysis, Colin et al. (1991) showed 
that the Rh ' locus' is composed of two homologous structural 
genes, one encoding the RHD polypetide and the other encoding 
both the Cc and Ee polypeptides. Le Van Kim et al. (1992) cloned 
cDNAs for representing the RHD gene. Arce et al. (1993) cloned 
the RHD gene. Bennet et al (1993) demonstrated that DNA testing 
can be used to determine RHD type in chorionic villus samples. 
Carton (1994) provided a comprehensive review of the molecular 
genetics of the Rh blood groups antigens. These antigens are 
carried by a family of nonglycosylated hydrophobic 
transmembrane proteins of 30 to 32 KD, which are missing from 
the red cells of rare Rh-null individuals. Innan (2003) theorized 
that the pattern of allele variation in duplicated genes is 
determined mainly by the balance between gene conversion, which 
operates against diversification of the duplicated gene, and 
selection, which favours diversification. Innan (2003) applied this 
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theory to the human RHCE and RHD genes. Huang et al. (1996) 
used a set of Sphl RELPs that are tightly linked with the Rh 
structural genes to demonstrate linkage disequilibrium that 
allowed determination of Rh-positive or Rh-negative status (D/D, 
D/d, and d/d). 
Smythe et al. (1996) provided definitive proof that the RHD 
gene encodes the D and G antigens and the RHCE gene encodes 
the c and E antigens. To delineate the pattern of gene-expression, 
Huang et al. (1996) characterized the composition and structure of 
RH-polypeptide transcripts that were characterized by RT-PCR 
and nucleotide sequencing. RHD gene Irasbeen found by Hyland et 
al. (1994). Levine et al. (1941) showed that hemolytic disease of 
the fetus occurs in an RhD-positive fetus carried by RhD negative 
women. Lo et al. (1998) described a noninvasive method of 
determining fetal RhD status by analyzing maternal plasma. 
Wagner and Flegel (2000) established technical procedures for 
specifically detecting the RhD gene deletion in the common RHD-
negative haplotypes. Miyoshi et al. (2001) emphasized that 
isodisomy for chromosome 1 is not infrequent and may cause an 
unusual RhD phenotype. Wagner et al. (2002) provided a detailed 
RhD phylogeny in which the variant alleles formed a previously 
unknown cluster. RHD gene polymorphism are also studied by 
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many workers (Okuda et al., 1997;Lan et al., 2000; Rodrigues et 
al, 2002; Xu et al, 2003; Zhou et al., 2004). 
1.2.5 GIucose-6-phosphate dehydrogenase, (G6PD) 
Since identification of deficiency of G6PD (Carson et al, 
1956) and of the X-chromosomal determination (Childs et al., 
1958) in the 1950s and demonstration of electrophoretic variants 
of this enzyme in the early 1960s (Boyer et al., 1962), the genetic, 
clinical and biochemical significance of this polymorphism has 
been found to be of great importance. G6PD is in the hexose 
monophosphate pathway, the only NADPH-generation process in 
mature red cells, which lack the citric acid cycle. Beaconsfield et 
al. (1965) advanced the hypothesis that the incidence of cancer is 
inversely related to the frequency of G6PD deficiency in blacks. 
G6PD deficiency is known to have over 400 variant alleles, or 
different forms of the same gene (Beutler et al., 1992). The 
variants of the enzyme are found in high frequency in African, 
Mediterranean and Asiatic populations (Porter et al., 1964), 
(Fig.l) and heterozygote advantage vis-a-vis malaria (Luzzato et 
al., 1969) has been invoked to account for the high frequency of 
the particular alleles in particular populations. Close linkage of 
the colour-blindness locus, the G6PD locus, and the hemophilia A 
locus (Adam et al, 1966, Boyer and Graham, 1965) has been 
demonstrated. Cooper et al. (1972) and Gray et al. (1973) found 
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that complete deficiency of G6PD produces not only 
nonspherocytic hemoytic anemia, but also chronic granulomatous 
diseases due to neutrophil dysfunctions. The mechanism of 
protection of G6PD-deficient cells against falciparum malaria was 
worked out by Friedman and Trager (1981). The resistance to 
severe malaria is the basis of the high frequency of G6PD 
deficiency and that both hemigyzotes and heterozygotes enjoy an 
advantage was established by Ruwando et al. (1995). Studying X-
autosome translocations in somatic cells hybrids, Pai et al. (1980) 
showed that a breakpoint at the junction of Xq27-Xq28 separates 
HPRT from G6PD. G6PD is distally situated at Xq28. Martini et 
al. (1986) determined that the human G6PD gene is 18Kb long, 
with thirteen exons. Zinkham (1961) found that individuals with 
primaquine,sensitive erythrocytes had deficiency of G6PD activity 
in the lens. By use of fourteen unique sequence probes and 
eighteen restriction enzymes, D'Urso et al. (1988) found a 
polymorphic silent mutation in the G6PD gene. Yoshida et al. 
(1988) reported two RFLPs of the G6PD locus with high frequency 
in blacks and showed statistically significant linkage 
disequilibrium between the A(+)/B(+) types and of the RFLPs at 
the G6PD locus. 
Calabro et al. (1990) found that although the most frequent 
form of G6PD deficiency was G6PD Mediterranean, an 
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extraordinary, number of other forms existed. Chen et al. (1991) 
determined the sequence of 20,114bp of human DNA including the 
G6PD gene. The region included a prominent CpG island. The 
G6PD variants have been divided into five classes, according to 
the level of enzyme activity. These are: class 1-enzyme deficiency 
with chronic nonspherocytic an-emia, class 2-severe enzyme 
deficiency (less than 10%), class 3-moderate to mild enzyme 
deficiency (10-60%), class 4- very mild or no enzyme deficiency 
(60%),and class 5- increased enzyme activity. Costa et al. (2000) 
pointed out that G6PD mutants causing class 1 variant cluster 
within exon 10. Kay et al. (1992) concluded that G6PD B is the 
most ancient genotype. Mason et al. (1995) constructed a 
molecular phylogeny for 10 G6PD protein sequences. Mason 
(1996) reviwed recent information on G6PD enzyme and on 
mutations in the gene. Liu et al. (1997) reported a method of 
determination of clonality using allele/specific PCR to detect 
exonic polymorphisms in p55 and G6PD biology of a 
housekeeping gene such as G6PD.|Kwok et al. (2002) described a 
web-accessible data base of G6PD mutations. Longo et al. (2002) 
crossed mouse chimeras from embryonic stem cells in which the 
G6PD gene had been targeted with normal females. 
Molecular characterization, of G6PD were studied by many 
workers ( Vives-Corrons et al. 1990; Ninfali et al, 1993; Frigeria 
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(Lehmann et al, 1966) 
et «/ . l994; Wagner et a/., 1996; Efferth et a/.,2000 ; Menounos 
et al, 2000; Iwai et A/.2001; Al-Ali et a/.2002; Hamel et 
al.,2002; Ainoon et al.,2003 ; Matsuoka et al., 2003; Bang-Ce et 
al.,2004 ; Drousiotou.' et a/.2004; Sukumars et al., 2004 ). A few 
allelic variants of G6PD viz. G6PD A+ [G6PD, ASN126ASP], 
Kirkman et al. (1964) and Yoshida et al. (1967), G6PD KERALA-
KALYAN [G6PD, GLU317LYS], Azevedo et al., (1968), G6PD A-
[G6PD, VAL68MET, ASN126ASP], Babalola et al. (1976), G6PD 
CHATHAM [G6PD, ALA335THR], VuUiamy et a/.(1988), G6PD 
PORTICI [G6PD, ARG393HIS]. Filosa, (1989), G6PD SEATTLE-
LIKE [G6PD, ASP282HIS], De Vita et al. (1989), G6PD 
SANTAMARIA [G6PD, ASP181VAL, ASN126ASP], Beutler et al. 
(1991), G6PD SANTIAGO [G6PD, ARG198PRO], Beutler et al. 
(1992), G6PD REHOVOT [G6PD, TYR322HIS ],Iancovici-Kidon 
et al. (2000), G6PD AMSTERDAM [G6PD, 3-BP DEL, 180TCT 
],van Bruggen et a/.(2002). 
1.2.6 Sickle cell trait 
Haemoglobin, one of the best known blood proteins, gives 
rise to the most thoroughly studied genetic polymorphism in man-
the polymorphism that includes the gene for sickle cell anaemia 
(Cavalli-Sforza and Bodmer, 1971) 
The first formal recognition of sickle cell disease was in a 
20 year old student from West Indies (Herrick, 1910). Review of 
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the first four cases reported in the United State, noted that all 
were of African ancestry (Mason, 1922). The sickle cell gene was 
subsequently recognized to be widely distributed throughout 
equatorial Africa, and to reach heterozygote frequencies as high as 
30%-40% in parts of Uganda, West Africa and Zaire (Fig.2) 
The sickle cell gene in India was first discovered by Lehman 
and Cutbush (1952) among aboriginal tribes, the Irulas and 
Paniyans in the Southern India. Pauling et al (1949) demonstrated 
that presence of an abnormal hemoglobinS (HbS) having an altered 
electrophoretic mobility than normal hemoglobinA(HbA) was 
responsible for sickle cell anaemia. HbS differed from its normal 
counterpart (HbA) by a single amino acid substitution in the beta 
polypeptide chain. The amino acid substitution in sickle cell 
hemoglobin involves a replacement of a glutamic acid in 
hemoglobinA by valine, (Ingram, 1957). HbS was first 
distinguished because of the difference in electrophoretic 
mobility. It was found that deoxygenated sickle cell hemoglobin is 
very much less soluble than deoxygenated normal hemoglobin 
Perutz and Lehman (1968) liave suggested that in the 
deoxygenated state, the non polar valine residue in the sixth 
position is able to adhere to a complementary site on a 
neighbouring hemoglobin molecule. Hemoglobin S is the mutant 
form of human haemoglobin. It is not unusual to carry 
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haemoglobin ' S ' . About one in 50 of the world's population is a 
carrier. Carrier haemoglobin ' S ' is much more common in some 
population groups. 
The defect in urine concentrating ability in persons with 
sickle cell trait is thought to result from intracellular 
polymerization of HbS in erythrocytes (Gupta et al. 1991). 
Langdown et al. (1989) described a doubly substituted sickling 
hemoglobin, called HBS (Oman). Popp et al. (1997) stated that the 
sickle cell anemia syndrome produced by HbS Antilles, is a more 
sever phenotype than that produced by HbS. Walker et al. (2000), 
studied the prevalence of gallstone in patients with homogygous 
sickle cell disease. Gladwin et al. (2004) demonstrated that 
pulmonary hypertension, is common among adults with sickle cell 
disease. Lane and Githens (1985) observed the splenic syndrome 
in men with sickle cell trait. Vichinsky et al. (2000) found that 
among patients with sickle cell disease, the acute chest syndrome 
is commonly precipated by fat embolism and infection. 
Azacytidine and hydroxyurea have been shown to increase 
fetal haemoglobin levels in some patients with sickle cell disease 
(Charache et al., 1983, Dover et al. 1986). 
Lan et al. (1998) used an alternative genetic approach to 
sickle cell therapy, based on RNA repair. Sickle beta-globin 
transcripts were converted into mRNAs encoding the anti-sickling 
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protein gamma globin. Pawliuk et al. (2001) designed a beta- A 
globin gene variant that prevents HbS polymerization. Shesely et 
al. (1991) corrected the human beta-S-globin gene by homologous 
recombination in a mouse human hybrid cell line. Change et al. 
(1998) created transgenic knockout mice expressing human 
hemoglobin S by transfer of a 240 Kb yeast artifical chromosome, 
carrying the beta sickle gene. Using a transgenic mouse model of 
sickle cell disease, Blouin et al. (2000) assessed in vivo the 
potential curative threshold of fetal hemoglobin using mating with 
mice expressing the human fetal A-gamma-globin gene. He and 
Russell (2004) generated complex transgenic knockout mice 
expressing human hemoglobin-S. 
Work on sickle cell disease is carried out by many workers 
(Kulozik, et al. 1986; Lanclos et al, 1991; Oilman et al., 1993; 
Konstantopoulos et al. 1996; Frikha et al., 1998; Niranjan et al 
1999; Mukherjee et al. 2000; Ramana et al., 2000; Whitten et al., 
2001; Babu et al. 2002) 
1.2.7 B-Thalessaemia trait 
Thalessaemia is due to suppression of synthesis of either the 
a chain or the p chain of Hba2^ (3^2- Thalassaemia major is a 
clinical entity found in individuals homozygous for the a and (3 
chain defect. Thalassaemia minor occurs in individuals 
heterozygous for either a or p thalassaemia.The P-thalassaemia 
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are the most frequent form of the thalassaemia involving the ySp 
complex. They are very heterogenous,both in clinical expression 
(Weatherall et al 1981; Kattamis et al 1979) and in the molecular 
defect causing them (Harano et al 1985; Giampalo et al 1984). 
Clinical details of this disorder have been detailed extensively in 
numerous monographs and are summarized by Weatherall et al. 
(1995). Modell et al. (2000) found that about 50% of UK patients 
with beta-thalassaemia major die before the age of 35 years. In 
India Mukherjee (1938) was first to record thalassaemia in a 
Bengali boy. Cases of p-thalassaemia disease and trait have been 
reported from North India (Uttar Pradesh), in Lohanas of West 
India, from South India (Kerala) and from Punjab and Sind. It has 
also been reported among the immigrants of Indian origin in other 
countries (Siddoo et al., 1956; Vella and Field, 1958; Saha and 
Banerjee, 1971). 
Recent development of the polymerase chain reaction has led 
to the characterization of more than 110 P-thalassaemia mutations 
(Baysal,1992).Steinberg and Adams (1982) reviewed the molecular 
defects identified in thalassemia as: (1) gene deletion, e.g., of the 
terminal portion of the beta gene (Orkin et al., 1979); (2) nonsense 
mutations (Chang and Kan, 1979; Trecartin et al., 1981) (3) point 
mutation in an intervening sequence (Spritz et al., 1981; 
Westaway and Williamson, 1981) (4) Frameshift deletion (Orkin 
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and Goff,1981). The beta globin structural gene is intact in beta-
zero-thalassaemia (Kan et a!., 1975) but deleted in both hereditary 
persistence of fetal hemoglobin (Kan et al., 1975) and delta-zero-
beta-zero thalassaemia (Ottolenghi et al., 1975). Cai and Kan 
(1990) demonstrated the usefulness of denaturing gradient gel 
electrophoresis for detecting beta-thalassaemia mutations. Pirastu 
et al. (1983) studied a new type of gamma delta-beta thalassaemia. 
From in-situ hybridization studies, Morton et al. (1984) concluded 
that the beta-globin gene is situated at l l p l 5 . Chakravarti et al., 
(1984) identified a 'hotspot' from meiotic recombination at the 5-
prime end of beta gene. Matsuno et al. (1992) invoked possible 
gene conversion at the chi- sequence near the 5-prime end of exon 
2 as the explanation for the finding of a beta-thalassemia mutation 
common in south east Asia. Lin et al. (1985) placed the beta 
globin gene in the 1 Ipl5 .4-pl5 .5 segment. 
Huang et al. (1986) reported the same 'TATA' box mutation 
leading to the same nondeletion form of beta-thalassaemia in 
Chinese, as had been reported in American blacks by Antonarakis 
et al. (1984). Rosatelli et al. (1987) analysed the molecular defect 
in Sardinian^ beta-thalassemia heterozygotes. The most prevalent 
mutation, accounting for 95.4% of cases, was the nonsense 
mutation at Codon 39. Kulozik et al. (1987) showed that 
heterozygous beta-thalassaemia was associated with unusually 
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severe clinical manifestations when coinherited with an extra 
alpha-globin gene. Laig et al. (1989) identified new beta-
thalassemia mutations in northern and northeastern Thailand. As 
indicated by the works of Villegas et al. (1992), Oron et al. (1994) 
and Traeger-Synodinos et al. (1996), the thalassemia intermedia is 
caused by interaction between triplicate alpha globin locus and 
beta-thalassemia heterozygosity. Bauchwitz and Constantini 
(2000) quantified the effects of beta-globin sequence modification 
on epsilon-gamma, and delta globin levels in transgenic mice. 
Alami et al. (2000) created a yeast artificial chromosome 
containing an unmodified human beta-globin locus, and introduced 
it into transgenic mice at various locations in the genome. Ding et 
al. (2004) developed a method based on single-allele base 
extension reaction and mass spectrometery which allowed for the 
reliable detection of fetal specific alleles including point 
mutations and SNPs, in maternal plasma. 
1.2.8 Phosphoglucomutase locus/(PGMl) (E.C..5.4.2.8) 
Phosphoglucomutase, an important isomerase enzyme in 
glycogen metabolism, reversibly catalyzes the transfer of 
phosphate from the 1"' to the 6 '^' position of glucose. 
Four different, not closely linked autosomal loci-PGMl, 
PGM2, PGM3 and PGM4, each determing its own characteristic 
set of isozymes have been described in man (Spencer et al., 1964; 
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Hopkinson and Harris, 1965, 1968; Cantu and Ibarra, 1982). In 
human erythrocytes, it is possible to detect only two sets of 
phosphoglucomutase isozymes. First, those which involve a series 
of electrophoretically slow moving bands (a-d) under the genetic 
control of locus PGMl, and second those which involve a series 
of electrophoretically faster moving bands (e-g) under the genetic 
control of locus PGM2 and PGM3 and PGM4 isozymes are 
detectable, respectively, in placenta and human milk. 
Polymorphism at phosphoglucomutase locus 1 (PGMl) in man was 
discovered by Spencer et al. (1964), who described three different 
phenotypes-PGMl 1-1, 2-1 and 2-2 (PGMl 1, 1,2 and 2) following 
starch gel electrophoresis of haemolysates. These were shown to 
be under the genetic control of two autosomal codominant alleles 
PGM,' (PGM1*1) and PGM,^ (PGM1*2). A number of rare alleles 
viz., PGMi^ (PGM1*3), PGM,' Okinawa (PGM1*3 Okinawa), 
PGM,^ (PGM1*4) PGM,^ (PGM1*5), PGM,^ Japan (PGM1*5 
Japan). PGM,^ (PGM1*6), PGM,^ African (PGM1*6), PGM,^ 
Japan (PGM*1 Japan), PGM,^ Mai (PGM1*6 Mai), PGM,^ Kadar 
(PGM1*6 Kadar), PGM,' (PGM1*7) (Hopkinson and Harris, 1966; 
Blake and Omoto, 1975) and PGM,^ (PGM1*8) (Hopkinson and 
Harris 1969, Tomashewsky and Szeinberg, 1970.Goedde et al., 
1972) have been reported at this locus. There is evidence, both 
from family data and quantitative studies, for the existence of 
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silent (null) allele PGM," (PGM1*0) (Fielder and P^'tternkofer, 
1968, 1969; Brinkmann et al., 1972; Ward et al., 1985). 
Whitehouse et al. (1992) isolated a cDNA clone encoding PGMl 
and assigned the gene to chromosome lp31 by in situ 
hybridization. 
Kidd et al. (1990) suggested that the somatic cell 
localization of PGMl to chromosome lp22.1 may be in error, 
since linkage studies showed it to be 11.7cM distal to ACADM 
(Acyl-Co Dehydrogenase, Medium Chain). Takahashi et al. (1982) 
advanced a phylogeny that attributed 8 alleles of the PGMl locus 
to 3 independent mutation,- in a primal allele, followed by 4 
intragenic recombination events involving these mutants. Using 
the cDNA probes/provided by Whitehouse et al. (1992 ),March et 
a/.(1993) confirmed the earlier hypothesis based on protein studies 
by electrophoresis Yip et al. (1999) used a population genetics 
approach to map the patterns of linkage disequilibrium across the 
PGMl gene in 3 diverse population samples (Caucasian, Chinese 
and Vietnamese). PGMl polymorphism are also studied by 
Kalimanovska et al., 1990; Du et al., 1992; Papiha , 1993; Hu et 
al., 1995; Sarin et al, 2002;Chahal et al., 2004. 
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1.2.9 Glyoxalase 1 (E.C.4.4.1.5) 
Glyoxalase l,a lyase, catalyzes the irreversible conversion of 
methyl glyoxal and reduced gluthatione to S-lactoylglutathione 
(Cohen and Sober, 1945; Knox, 1960). 
The polymorphism of this enzyme from human erythrocytes 
was discovered by Komf et al. (1975) and, independently, by 
Bagster and Parr (1975). Following starch-gel electrophoresis of 
haemolysates, three phenotypes GLOl 1-1, 2-1 and 2-2, were 
described by Kompf etal (1975). These were shown by them to be 
under genetic control of two codominant autosomal alleles GLOl 
(GL01*1) and GL02 (GL01*2); further family and mother/child 
combination data also supported this mode of inheritance of GLOl 
phenotypes (Meera Khan and Doppert, 1976; Kozoil and Dobosz, 
1978; Pflugshaupt et al., 1978; Eriksen, 1979). The locus for 
glyoxalase 1 is situated on chromosome 6 (Olaisen et al., 1976). A 
few rare alleles viz GLO^ (GL01*3) (Ranzani et al. 1979). GLO'' 
(GL01*4) (Arnaud et al., 1988), GLO^ (GL01*5) (Arnaud et al., 
1988), GLO^* (GL01*Si) (Beretta et al., 1983, Arnaud et al., 
1988) and a silent/null allele GLO" (GLOl*0) (Rittner and Weber, 
1978;Szczerkowska, 1987; Raczek, 1989) have been reported at 
the GLOl locus. 
Hansen and Eriksen (1979) found a maximum lod score of 
14.6 at theta = 0.060 for linkage of HLA and GLOl. Goldman et 
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al. (1991) confirmed the linkage by study of 2-dimensional 
electrophoresis in CEPH families {Centre D'Etude du 
Polymorphisme Humain collection). Blanche et al. (1991) 
presented a genetic map of 6p which involved RFLP mapping of 
the GLOl locus. Chen et al. (2004) performed an analysis of the 
micro array dataset obtained with RNA from whole brains of 
p301L mutant mice and identified a single upregulated gene, 
glyoxalase 1. Chen et al. (2004) also examined a SNP in the GLOl 
gene predicting a non conservative amino acid substitution, glu 
111 to ala, in ethnically independent populations. Veerraju et al. 
(1982) reported the gene frequencies of the GLO systems for the 
first time among Indian tribes and these are within the Indian 
range. Work on GLOl polymorphism has also been carried out 
(Togan et al. 1996; Mamolini et al., 1998; Sarin et al., 2001; 
Taraskaia et al. 2002) in different populations. 
1.2.10 Esterase D (E.C.3.1.1.1) 
Hopkinson et al. (1973) first described the polymorphism of 
the human red cell esterase D, a hydrolas; three different common 
phenotypes of the enzymes-ESDl-1, 2-1 and 2-2 (ESDI, 1,2 and 
2), were detected using fluoro-genic substrate. Their family data 
suggested that these phenotypes were controlled by two autosomal 
alleles-ESD' and ESD^ (ESD*1 and ESD*2). Subsequent family 
and mother/child combination data (Welch, 1974; Pflugshaupt et 
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al, 1976; Cox et al., 1978; Dissing and Eriksen, 1984; Wetterling, 
1985) confirmed this simple Mendelian mode of inheritance. The 
locus for BSD has been assigned to chromosome 13 (Heyningen et 
al., 1975; Bender and Grzeschik, 1976). Rivera et al. (1981) 
concluded that the retinoblastoma and esterase D loci are in the 
proximal half of the 13ql4 band. 
Besides the two common allele,a number of rare alleles have 
been encountered at the ESD locus. Munier et al., (1988) reviwed 
sixteen rare alleles at the ESD locus and reported a previously 
undescribed variant in a Portugese family. The study by Sparkes et 
al. (1984) suggested that the ESD locus may lie distal rather than 
proximal to the retinoblastoma locus. Lee and Lee (1986) cloned 
ESD cDNA by screening an expression library with an anti-ESD 
antibody. S-fromylglutathione hydrolase is the same as Esterase D. 
(Eiberg and Mohr, 1986). Apeshiotis and Bender (1986) like wise 
suggested that the S-formylglutathione hydrolase and ESD 
polymorphisms are identical. 
Rare variants include ESD^ (ESD*3) (Bender and Frank, 
1974; Bargagna et al., 1975; Rittner and Muller, 1975; Blake, 
1976; Suzuki et al., 1978; Wettlering, 1985; Bionadi et al., 1989) 
ESD^ Negrito (ESD*3 Negrito) (Omoto et al., 1978), ESD^ ' 
(ESD^ ') (Suzuki et al., 1978), ESD^ (ESD*4) (Berg et al., 1976), 
ESD^ (ESD*5) (Ranalletta et al., 1987; Moreno et al., 1989), ESD^ 
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(ESD*6) (Radam et al., 1980), ESD^ (ESD*7) (Siege and 
Schwehn, 1983; Nishigaki and Itoh, 1984), E S D " ( E S D * 1 1 ) 
(Henke et al., 1986), ESD^""'"'"""^'^" (ESD*Copenhagen) (Dissing 
and Eriksen, 1984), ESD^' '"" (ESD*Berlin) (Weidinger et al., 
1985). ESD^''^°" (ESD*Lisbon) (Munier et al., 1988). A silent/null 
allele ESD° (ESD*0) (Sparkes et al., 1979; Koziol and Stepien, 
1980) has also been reported at this locus. Jurickova et al., 1994; 
Papiha . et al., 1996; Taraskaia et al. 2002; Chahal et al., 2004 
also worked on ESD polymorphism. 
1.2.11 Acid phosphatase locus/(ACPl) (E.G.3.1.3.2) 
Acid phosphatase, a phosphohydrolase, catalyzes the transfer 
of phosphate from phosphate ester substances to various alcohol 
acceptors such as methanol and glycerol. The enzyme occurs in 
various tissue specific forms and that detected from erythrocytes 
is designated as ACPI, controlled by a locus ACPI (Swallow et 
al., 1973). 
A genetic polymorphism of human erythrocyte acid 
phosphatase of locus 1 (ACPI) was first reported by Hopkinson et 
al., (1963) who could find a total of five phenotypes-A, BA, B, 
CA and CB after starch gel electrophoresis. Subsequently, the 
sixth phenotype of the system-the infrequent homozygous C 
(ACPIC) was found (Lai et al., 1964). Family and mother/child 
studies of Hopkinson et al. (1963), Giblett and Scott (1965), Ritter 
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et al. (1971), Bhasin and Fuhrmann (1972) and Dissing and 
Svensmark (1976) have provided evidence that all these ACPI 
phenotypes are controlled by three autosomal codominant alleles 
viz., P ' , P ^ P ' (ACP1*A, ACP1*B and ACP1*C). 
The ACPI locus is assigned to chromosome 2 (Ferguson-
Smith et al., 1973; Povey et al., 1974) and in addition to the three 
common allele several rare allele viz., pd (ACP1*D) (Karp and 
Sutton, 1967; Lamm, 1970; Raszeja and Szczerkowa, 1978) P^ 
(ACP1*E) (Sorensen, 1975) P'" (ACP1*F) (Radam et al., 1982; 
Nelson et al., 1984), p^ (ACP1*G) (Radam et al., 1982; Nelson et 
al., 1984), P'' (APC1*H) (Martin et al., 1982), P' (ACP1*I) 
(Martin et al., 1982), P'' (ACP1*K) (Turowska, 1984), ACPI*KUK 
(Arnaud et al., 1989), ACP1*N (Miller et al., 1987), P"" (ACP1*R) 
(Giblett and Scott, 1965; Karp and Sutton, 1967; Byrdy, 1973, 
Nelson, 1984), ACP1*S (Miller et al., 1987), P"^'^"', ACP1*TIC-1 , 
and a silent null allele P" (ACP1*0) (Dissing and Svensmark, 
1976) have been encountered at this locus. Bryson et al. (1995) 
showed the ACPI contains seven exons spanning 18 Kb with a 
GC-rich promoter and mapped the ACP gene to the distal protein 
of2p25. 
Miller et al. (1987) gave a general review of the 
electrophoretic variants of red blood cells acid phosphatase 
Arnaud et al. (1989) identified in Czechoslovakia, a rare variant of 
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ACPI, called ACP1*KUK. Arnaud et al. (1992) reported kinetic 
and thermodynamic characteristics of the KUK variant .Wo et al. 
(1992) cloned genes encoding two low molecular weight 
phosphotyrosyl protein phosphatase from human placenta cDNA 
library. Kalimanovska, et al., 1990; Sarin et al.JlQ^; Chahal et 
al., 2004) also studied ACPI polymorphism. 
1.3 Aims and Objectives 
The principal aims and objectives of this study was: 
1. To study basic population genetics of different endogamous 
groups of Muslim populations. 
2. To study the phenotype and gene frequency distribution 
among the population groups. 
3. To study the variation of the phenotype and gene frequency 
distribution among the population of Aligarh. 
4. To study the efficacy of biochemical and genetic markers in 
studying population diversity and other evolutionary 
processes. 
5. Me asure of heterozygosity ascertained by various markers, 
will help us in studying genetic variation and polymorphism 
in given human population. 
6. The comparison of polymorphism and heterozygosity index, 
genetic identity and gene diversity, genetic distance, pattern, 
of gene differentiation will reveal inherent changes in the 
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genetic structure of the population and also their 
phylogenetic relationships. 
7. To compare them with other Muslim population groups of 
different places of India which are reported in literatures. 
The significance of the present study lies in the fact that it 
describes human variation within a limited area. It is hoped that 
once the variation and their patterns are recognized, these can 
further help in explaining the present day genetic structure of 
these populations. A study, as the present one, may also help in 
isolating micro evolutionary mechanisms operating at 'breeding 
population' level within an ecosystem, assuming, of course, that 
the observations are the results of genetic and environmental 
interaction and genetic consequences of such factors as population 
size, migration and mating pattern in that population. Such studies 
are, however, limited in their scope in the sense that they can only 
suggest the possible causes of the observed frequency 
distributions, while occasionally pointing the involvement of 
certain micro-evolutionary forces, but generally fail to isolate 
them. It is hoped that the present work would answer some of 
these current problems of population genetics and also provide 
useful basic background material for future studies in this 
direction. 
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MATERIALS AND METHODS 
2.1 Area 
The Aligarh city in Uttar Pradesh (UP) is situated at latitude 
27°28' and 28^10' north and longitude 77^29'and 78^36' east. The 
total area is 34.05 Km^ Aligarh has almost a dry climate 
throughout the year. During the winter, temperature is very low 
though frost are not of frequent occurrence, or of great intensity. 
The mean temperature in December and January, the coldest 
month, is S'^ C. The summer is decidely hot. The maximum 
temperature of the district is 44°C. The district receives normal 
annual rainfall of 594.lmms.The location of Aligarh in Uttar 
Pradesh (India) is shown in Fig. 3. 
2.2 People 
The population of Aligarh (2,990,388, Census of India,2001) 
comprises of Hindus, Muslims and Christians, there being no 
fewer than 64 castes among Hindus (Nevill, 1926). The 'chamars' 
are numerically the strongest caste, they are tanners by tradition. 
The second place is taken by the Brahmins, the highest place in 
the Hindu social scale and they are landlords and cultivators by 
occupation. The Jats are more numerous here than in any other 
district and are believed to be of a Caucasoid stock, on the basis 
of morphological characters. Hindu Banias are very numerous in 
all parts of the district, they are a very wealthy community. 
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Fig.3. Map showing location of Aligarh city in Uttar Pradesh (India) 
Ethnographic accounts exist for a large number of communities 
and most of them recall their migration from the North-West to 
their present habitat. The Bania society is a stratified one. They 
practise endogamy at the community level. Monogamy is the form 
generally favoured. They are mostly engaged in business, trade 
and industry. 
The Muslims of Aligarh city are predominantly Sunnis, 
though a considerable number of Shias are also there. Among the 
Sunnis, approximately one fourth of the population are Syed, 
Sheikh, Moghal and Pathan, while three, fourth belong to various 
lower castes. 
Syed: They hold the foremost position among the four classes of 
Muslims (Singh, 1998). They are spread over one hundred thirty 
one districts of the country. The Syeds are considered the progeny 
of the prophet Mohammadj(pbuh) through his daughter Syed-un-
Nisha Fatmia Zehra and her husband Syedna Ali Murtaza. Crooke 
(1986) states that many of them came with the early Mohammadan 
invaders and asserted priestly claims which were in many cases 
rewarded with gifts of revenue and free land which their 
descendants still enjoy. They Syeds in UP are distributed 
throughout the state. They are divided into a number of genetic 
and territorial groups, such as Alavi, Hussaini, Abidi, Baqari, 
Jafri, Taqvi, Rizvi, Bukhari, Bilgrami, Abbasi and Jalali. 
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Social divisions among the Syed exist on tiie basis of the 
territory, sect and economic status. Social differentiation regulates 
marriage alliances. They are an endogamous community. They are 
zamindars and taluqdars in rural areas but in urban areas, they are 
priests, men of letters and teachers. 
Sheikh: The word Sheikh in Arabic language connotes a person 
who does justice. According to another account, the name is 
applied to the persons of pure Arabic descent, but it has also been 
adopted by the converts from the Hindu communities 
(Ahmad,1978). The Sheikhs have many sub-divisions, they include 
Abbasi, Faruqi, Hashmi, Kidwai, Siddiqui, Sulemani and so on. 
According to the 1931 census, the population of Sheikh in the 
united province of Agra and Oudh was/1,592,063. The community 
comprises both the Shia and Sunni sects. Differentiation are on the 
basis of Ashraf and non-Asraf status which regulate their marriage 
alliances. Endogamy at the community and sect level is practised. 
The traditional and primary occupation of the Sheikh is 
cultivation. They rear buffaloes, cows, and goats too. Business, 
trade, weaving, government service, wood work and masonary are 
some other of their livelihood occupations. 
Pathan: There has been much controversy regarding the origin of 
the term Pathan. Crooke (1896), quoting Dr. Bellow, states that 
the Pathan is a Hindustani form of the native word 'Pukhtana' 
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which is probably the plural of the word Pukhtan. Pukhtum refers 
to the people who inhabit the country called 'Pukhtunkhwa' and 
speak the pukhta or pukhto language. According to the Pathan 
narration, their ancestors migrated from Afghanistan and worked 
as defenders of forts in the hills during the regime of Maharaja 
Ranjit Singh and claimed the stocks of Mughal pathan and Kabuli 
Pathan. At present they are distributed over seventy four districts 
of India. Of the many different clans, the chief are the Ghoris, the 
Yusufzias, the Sherwanis, the Lodhis, the Muhammadozars of 
Khair and the Afridis. Marriage alliances are preferred within the 
sub-group. Consanguineous marriage between parallel and cross-
cousins are prevalent.Endogamy is the general practice,but 
polygyny does occur. The main occupation of the Pathan is 
agriculture, while business is their subsidiary occupation. They 
belong to the sunni sect of Islam. 
Qureishi: In the 'Surnathul Khuresh', Mohammad points out that 
Khureshi is the name of a dynasty Mufti Md. Shafi mentions in the 
book 'Mariful Quran' that Hazarat Ibrahim had two sons, namely 
Ishaq and Ismail, the descendants of Ismail are Qureishi and 
traditionally the Khasab are butchers. In the Madras census report 
1901, as quoted by Thurston (1909), the name Qureishi was 
returned as a territorial name by the Muslims of Qureish being a 
village in Arabia and also one of the subdivisions of the Mavayat 
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tribe. The original Qureish are counted as Ashraf, While many of 
butchers who call themselves Qureishi are counted as Ajlaf. 
Ansari: Also known as Mominson, Momin or Julaha, Ansari in 
Arabic means one who helps. The Ansaris trace their origin to 
Haroon, the brother of prophet Musa and the descendant of 
Ibrahim. According to a legend, they were inhabitants of Medina 
and Ansari was the title given to those people of Medina who gave 
shelter and helped prophet Mohammad in his first religious war 
against Mecca. The Ansaris traditional occupation of textile 
weaving has been retained by only a few of them. They practise 
endogamy at the community level. They belong to Ajlaf category 
among Sunnis. 
2.3 Samples material and laboratory methods 
The survey was conducted from September, 2001 to August, 
2002 for ABO, Rh, PTC taste-ability and colour-blindness. The 
sampling of blood was done in 2 phases from December 2002 to 
August 2003 for sickle cell trait, G6PD and p-thalassalmia trait 
and from November 2003 to Febuary / 0 4 for Esterase D, 
Glyoxylase 1, Acid phosphatase 1, Phosphoglucomutase 1. 
The sampling was done at random from healthy unrelated 
individuals of different endogamous groups of Muslims and Bania 
of Aligarh, Uttar Pradesh. Caste, sect, age and sex, status of the 
individuals were noted. 
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From each subject about 2ml of blood was drawn by 
peripheral vein puncture using sterile disposable syringe and was 
collected in sterile vials containing 2ml of 10% EDTA solution 
for sickle cell trait, G6PD and P-thalassaemia trait. For/various 
enzyme polymorphism, 1ml of blood was collected in 
microcentrifuge tube; containing 10% EDTA solution. Samples 
were stored in refrigerator and were processed for the preparation 
of hemolysates. 
Laboratory Method 
2.3.1 PTC-taste ability: Taste sensitivity to PTC was studied by 
method of Harris and Kalmus (1949). A stock solution containing 
0.13 % phenyl thiocarbomide was prepared in distilled water and 
serial dilutions were made up|to the thirteen number as given 
below. 
No Concentration 
14 
13 
12 
11 
10 
9 
8 
7 
1300 m 
650.00 
325.00 
162.50 
81.25 
40.63 
20.31 
10.16 
g/litre 
mg/litre 
mg/litre 
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6 5.08 
5 2.54 
4 1.27 
3 0.63 
2 0.32 
1 0.16 
The strongest solution was numbered as dilution no.14 and the 
dilutest one as 1. If an individual did not taste even the solution 
14, then he or she was designated as non-taster^. Information on 
caste, consanguinity, age, sex and the solution number was 
recorded, only non-inbred individuals were selected. 
2.3.2 ABO and Rh groups (Race and Sanger,1968) 
Slide agglutination method was followed. Clean slides were 
marked as A,B and as positive. One drop each of the antisera A,3 
and Rh wis put on each slide. Through sterile needle finger was 
punctured after alcohol wash, and a drop was put on, each antisera 
and reaction noticed. Agglutination with anti A, showed A group, 
with anti-B showed the B group, with both A and B, it showed AB 
and with neither of these showed O groups. Similarly, 
agglutination with anti D showed Rh+ve, and no agglutination 
meant Rh-ve status. In case of doubt microscope was used to see 
agglutination. The frequency of A,B,0,AB and D phenotypes were 
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determined in different populations. No subtyping of A and B 
group was done. 
2.3.3 Colour-blindness 
Ishihara's colour plates (1972) were used for noting red 
green colour-blindness among different groups. Plates no. 1 to 21 
w^s used to determine if any red green colour deficiency existed in 
the given subject and then plate; no. 22 to 25 were used to 
determine the precise type of deficiency. Responses were 
recorded. T)he illiterate ones were given non number plates and 
their responses noted. 
2.3.4 Glucose-6-phosphate dehydrogenase deficiency test 
(Beutler Fluorescent Spot test, 1966) 
Preparation of reagents 
(1) Glucose 6-phosphate sodium salt 10m mol./L, Dissolve 0.3g 
of G6P in 10ml of distilled water. Stored at 20°C. 
(2) Beta-NADP- 7.5 m mol/L-Dissolve 0.0624g in 10 ml dHzO 
(-20°C for storage). 
(3) Saponin lOg/L. Dissolve O.lg in 10ml dH20. Stored at-20°C. 
(4) Oxidized glutathione, 8m mol/L. Dissolve 0.049 g in 10ml 
H2O (-20°C for storage). 
(5) Tris HCl 750m mol/L, pH 7.8.Dissolve 9.085 g tris in 85 ml 
dH20 and adjust to pH 7.8 with 6 mol/L HCl and make to 
100 ml (storage at 4''C). 
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Working solution 
Glucose 6-phosphate 
P-NAD 
Saponin 
Tris HCl buffer 
Oxidized glutathione 
dHzO 
Total 
0.2 ml 
0.1 ml 
0.2 ml 
0.3 ml 
0.1 ml 
0.1 ml 
1.0 ml 
The working reagent was stored at 2 C-: 
/ 
Technique 
To 0.1ml of working reagent in a small tube was added Jo 
0.01ml of whole blood and kept at room temperature for 5 
/ ' • • 
minutes. One drop of/mixture was then put on/Whatman No. 1 
filter paper, i^^ allowed to dry and then visually examined under 
long wave (320nm) of UV light. A brightly fluorescing spot means 
G6PD normal or positive condition (Fig. 4c), no fluorescence is 
G6PD deficient or negative condition (Fig. 4a). The intermediate 
one is heterozygote (Fig.4b), 
G6P+NADP • 6-Phosphoglucono-8-
G6P dehydrogenase lactone+NADPH+H* 
y-Glu-Cys-Gly + NADPH+H^ :^;^  2y-Glu-Cys-Gly+NADP'^ 
S SH 
I 
Y-Glu-Cys-Gly 
Oxidized glutathione (GSSG) Reduced glutathione(GSH) 
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Fig.4a. Dark spot in G6PD deficient 
Fig. 4b. Intermediate fluorescence in 
heretozygote female 
Fig.4c. Bright spot in G6PD normal 
2.3.5 Sickle cell trait (Verma ei al., 1994) 
This depends on the morphological change of sickle 
haemoglobin contained in red cell under low oxygen tension. 
When one drop of whole blood is mixed with metabisulphite 
solution, metabisulphite removes oxygen from the cell. Sickle cell 
haemoglobin, contained in/red cell, becomes sickle-shaped or rody / / 
shaped or large moon>shaped. 
About lOOmg of sodium metabisulphite is added to 5ml of 
distilled water. The solution is used for one day only. A drop of 
blood was put on a microscopic slide to which was added one drop 
of sodium metabisulphite solution, the drop was mixed with cover / 
ft ,J 
slip, leaving no air bubbles. Cover slip was put on the mixture^ the // 
edges sealed with paraffin wax or nail polish, leaving no air for 
drying. The preparation was left for 20minutes, and later examined / 
'a 
under/microscope (40X). A negative result/ was followed by y ;f, 
reexamination after 30 minutes, 1-2 hours or even 24 hours after 
ward. A sickle or rod shaped cell showed sickle positive test 
(Fig.|5a,b). It was further confirmed by running on cellulose / 
acetate electrophoresis system (Verma et al., 1994). 
Cellulose Acetate Electrophoresis 
Preparation of Reagents 
1. TEB buffer 0.084ml/L pH 8.4 
Tris (hydroxy methyl) aminomethane 5.1 g 
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"4 r^ ^J i^SBC ~- - 1 * . ^ ^ ^ J 
' «J 
Fig.5a. Sickle (rod shaped) red cells in 
HbHb^ heterozygote 
m 
c. 
<t 
« 4 ^ ^ ^ 
"<. i<t. 
V!,-- ^^ 
Fig.Sb. Normal red cells in HbHb homozygote 
EDTA 0.3 g 
Boric acid 1-6 g 
dHzO Upto 500 ml 
Store refrigerated 
2. Stain, 0.5gm/dl Ponceau's 
Ponceau's 0.5 g 
Trichloroacetic acid 5.0 g 
dHiO Upto 100 ml 
3. 5% acetic acid 
Acetic acid 25 ml 
Distilled water 475 ml 
Procedure 
Preparation of cellulose acetate strips 
1. Take out one strip from the box through forceps and cut to 
the desired length. 
2. Place the strip on a clean and ruled paper, mark the strip at 
1.3 cm on either end. 
3. Draw 5mm horizontal lines with a gap of 5mm between two 
lines, for total 5 numbers of samples (the steps were 
completed within 5 minutes). 
4. Place the strips in a petridish containing 100ml of TEB 
buffer for 15 minutes by dipping it completely (Meanwhile 
set the electrophoretic tank) 
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Preparation of eiectrophoretic tank 
1. Put TEB buffer in the tank. 
2. Soak and position the filter paper wicks. 
3. Remove the strip, blot out excess of buffer 9f the strip by / 
touching with a filter paper and place the strip on the ridges 
of the tank; the wicks (at either end) and strip are in contact 
with buffer. 
4. Cover the tank, connect with power supply, switch on. apply 
350 volts and the current not exceeding 20m amp. Switch off 
after 3 minutes to load the sample. 
5. Application of haemoiysate samples 
The haemoiysate is diluted with dH20 to appear as reddish 
orange. Approximately 1ml of sample is applied at the negative 
end (black knob). 
Electrophoresis and staining 
About one microlitre of each sample was applied on the line 
drawn, the tank was closed, the power supply was switched on and 
350 volts were applied. After 20 minutes, the power supply was 
switched off. The strips were removed, and placed in a petridish 
containing Ponceau's stain and then in 5% acetic acid. The strips 
were washed 4 times and the strips was cleared and fixed in 
methanol. The strips were dried and fixed in methanol and dried in 
air. Controls of HbA-Hb^ were run parallely. The bands were read 
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for each samples and noted. Sickle cell hemoglobin (HbS) moves 
slowly towards anode (positive electrode) than HbA. The slow 
migration of HbS is due to less negative charge due to absence of 
glutamate residue that carry negative charge. 
2.3.6 P-thalassaemia trait 
2.3.6 (a) Estimation of Hb-F 
The foetal hemoglobin is present at 0.5-0.8% level of total 
haemoglobin in normal adults which gets increased in thalassemic 
trait in order to compensate for loss of normal haemoglobin. 
The foetal haeomoglobin has increased resistance to alkali 
denaturation (KOH) and can be precipitated by adding ammonium 
sulphate which lowers the pH. After filtration, the amount of 
undenatured hemoglobin is increased and expressed as the 
percentage of foetal haemoglobin. Two methods are used for foetal 
haemoglobin estimation. Singer's method and Betke's method. 
Singer's Method (1951) 
1. Potassium hydroxide (KOH),0.083 mol/L, pH 12.7.Weigh 
KOH-2.34g 
Add distilled water upto 500ml. 
Store at 4°C in a plastic container 
2. Saturated ammonium sulphate 
Ammonium sulphate, 400gm 
Cold dHjO 500ml 
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Ammonium sulphate was kept on adding to water till more of 
it stopped dissolving. This is saturated solution and has 
some ammonium sulphate powder left at the bottom. 
3. Half saturated ammonium sulphate 
Saturated ammonium sulphate-200ml, Add dH20, 200 ml 
Procedure 
1. Take two tubes marked F & T putting sample number 
2. To F, add 1.6 ml of KOH, and keep for 10 min. in a water 
bath at 20^C. 
3. To both T and F add 0.1 ml of haemolysate sample, and after 
exactly one minute add 3.4 ml of half saturated ammonium 
sulphate. Invert the tubes several times, and filter through 
Whatman No. 1. The filterate should be clear. 
4. To tube T, add 5 ml of dH20 and 0.2 ml of haemolysate. Mix 
well. 
5. Read the optical density of both F & T in the colorimeter at 
540nm. 
6. Calculate the result as follows: 
OD of F 
% HbF = xO.203x100 
OD of T 
Betke method (1959) 
1. Check the haemoglobin concentration of haemolysate with 
Drabkin's solution. 
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2. Dilute the haemolysate with Drabkin's solution to make a 
4.5-6.0 mg/ml. 
3. Pipette 2.8 ml of diluted h^molysate into the tube marked F. 
4. 0.2 ml of 1.2 mol/L NaOH, add, and mix well. 
5. After exactly 3 min, 2 ml of saturated ammonium sulphate is 
added and mixed well. 
6. Allow to stand for 5 minutes. 
7. After 5 min, filter through Whatman filter No . l . The filtrate 
should be clear. 
8. To the tube marked T with sample identification number, add 
0.4ml of diluted haemolysate and then add 3.17 ml of 
distilled water. 
9. Prepare a blank by mixing 2.8ml of Drabkin's solution, 
0.2ml of 1.2 mol/L, NaOH and 2 ml of saturated ammonium 
sulphate. The OD of this blank should be close to the OD of 
water at 540 nm. 
10. Read the OD of the tubes hpih marked F & T against blank 
prepared as in step 10 at 540 nm. 
11. The percentage of HbF was calculated by the formula 
OD in F tube 
HbF = X 5 X 100 
OD in T tube 
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2.3.6(b) Estimation of Hb-A: 
Buffer 
Tris-EDTA-borate buffer pH 8.9 
tris (hydroxyiTiethyl)-amino-methane 50.4 g 
EDTA 5.0 g 
Boric acid 3.8 g 
dH20 to 1 litter 
Method 
1. Cellulose acetate strips (Cellogel), 40x 120mm, were soaked 
in Tris-EDTA- borate buffer and then blotted. 
2. The strips were placed in an electrophoresis tank and 
secured at each end with Whatman No. 3 filter paper. 
3. 10 ml hemolysate (8-10 Hb perdl) were applied in a 2 cm 
line in the centre of the strip and a current of 5mA at a 
potential of 220V applied across the strip. 
4. Hb-A and Hb-A2 zones were separated within two hours. 
The Hb-A and Hb-Aj zone were cut and then eluted for 30 
min in 15 ml and 1.5 ml of tris-EDTA-borate buffer 
respectively. 
5. The absorbance was then read at 415 nm, and the percentage 
of Hb-A2 determined by the equation below. 
6. A Hb-free piece of cellulose accetate about the same size 
was similarly treated and used as a blank: 
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^ HbA2 
% HbA2 = xlOO 
The mean Hb-A2 percentage of adult blood is 2.5%, with a 
range/1.5-3.2%. The percentage is usually raised in p-thalasaemia. ^ 
range 3.5-7.0%. 
Haemolysate Preparation for hemoglobin study (Verma et 
«/.,/! 994) 
Method 1 
1. Blood was centrifuged at 3000 rpm for 15 minutes. 
2. Plasma was removed. 
3. RBC vv^ s^ washed three times with normal saline (0.9%) five 
volumes of NaCl to one volume of RBC, /the content mixed 
thoroughly with pasteur pipette. The content was centrifuged and 
the supernatant removed. 
4. After/third wash .equal volume of dH^O and half the amount 
of Carbon tetrachloride was added. 
5. The tube was shaken vigorously for 5 minutes on Vortex 
mixer. 
6. The content was centrifuged at 3000 rpm for 25 minutes 
7. The upper layer was removed carefully which is the 
haemolysate. (the lower layer of storma of carbon 
tetrachloride was discarded. 
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Two drops of KCN (2g/dl) was added to haemolysate to / 
convert methjsmoglobin to cyanomethpmoglobin. The treated /. 
haemolysate was kept m^^freeze 
Method 2. Haemolysates were prepared by freezing and thawing , 
method (Bhasin and Chahal, 1996) for enzyme study as follows. 
The samples were first transferred into 7.5x 1cm Borosil 
glass tubes and centrifuged at 3,000 for 10 minutes to separate / 
plasma, which was removed using a pipette and discarded. The 
bottom portion containing cells was washed thrice with 0.9% NaCl 
solution (normal saline) to remove^ traces of plasma. An equal / 
volume of distilled water was added to the washed packed cells 
and the tubes were mechanically agitated over a cyclomixer to 
cause haemolysis. The tubes were subjected to repeated freezing 
and thawing and then stored at -lO^C in a freezer. 
Preparation of agarose gels 
For the preparation of agarose gels, 1% (w/v) agarose was 
dissolved by heating in gel buffer in a conical glass flask with 
continuous shaking. The clear hot mixture was poured over 15x12 
cm glass plates. The gels were allowed to set at room temperature 
and further cooled for minimum 15 minutes in a refrigerator before 
use. Agarose gels were used for typing BSD, PGMI. ACPI 
systems. For GLOl, mixed agarose/starch gels were used in which 
0.5% (w/v) hydrolysed starch was also added before heating. 
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Enzyme typings were performed following standard 
electrophoretic and staining procedures. The isozymes of ESD and 
PGMI were typed together on the same gel and stained in the same 
order according to the technique of Wraxall and Stolorow (1986). 
GLOI was typed following Scott and Fowler (1982) and ACPI 
following Wraxall and Ernes (1976). Experimental details of 
electrophoretic techniques used in the present study are given 
below. 
2.3.7 Esterase D (ESD) and Phosphoglucomutace locus 1 
(PGMI) 
Bridge buffer 
Tris O.IM 
Maleic acid O.IM 
MgCl2.6H20 O.OIM 
EDTA.Na2 O.OIM 
pH 7.4 with cone NaOH sol. 
Gel Buffer 
1:15 dilution of fresh bridge buffer 
Stain buffer (ESD) 
Sodium acetate 0.05M 
Stain buffer (PGMI) 
Tris 0.03M 
pH 8 with dilute HCl 
54 
Gel preparation 
Agarose (Litex, Type HSc) 350mg 
Gel 35 ml 
Sample treatment 
Haemolysates were treated with equal amount of O.IM 
Cleland's reagent for minimum 15 minutes. 
Run 
Treated samples were applied into wells about 2 cm from 
cathode using a micropipette. Electrophoresis was carried out for 3 
hours at 150V in a refrigerator. Thereafter, the anodal portion of 
the gel was first stained for ESD and the same portion of the gel 
was subsequently stained for PGMI staining (ESD). 
4. Methylumbelliferyl acetate 4mg 
Stain buffer 4ml 
Methylumbelliferyl acetate was dissolved in a few drops of 
acetone and then added to stain the buffer. The mixture was 
overlaid using a Whatman No. 1 filter paper. After incubation at 
room temperature for about 5 minutes, results were read under 
long-wave ultra violet light (~ 365nm). ESD isozymes were seen 
as fluorescent bands against a non-fluorescent background (Fig.7). 
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4-Methylumbelliferyl acetate (non-fluorescent) 
ESD^ 
Acetate 4- Methylumbelli feryl 
(Fluorescent) 
Staining (PGMI) 
Glucose-1-Phosphate 
NADP 
Agar 
Stain buffer 
j 3 m g 
J m e 
MTT{3-(4,5-dimethylthiazolyl-l,2)-2-3diphenyl tetrazolium bromide} 3mg 
PMS (phenazine methosulphate) 3mg 
MgCl2.6H20 40 mg 
G6P-DH 1.4 I.U. 
150 mg 
20ml 
Agar was dissolved by boiling in 10ml stain buffer and 
cooled down to about SS^C. The stains were dissolved in another 
10ml stain buffer. The two were mixed and immediately poured 
over the gel surface using a frame and allowed to set. Results were 
read after 1-2 hour incubation at 37*^0 in darkness. PGMI isozymes 
were seen as purple bands against yellow background (Fig.6). 
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a-D Glucose - 1 - phosphate 
J Phosphoglucomutase 
Glucose 1,6 diphosphate 
Glucose - 6 - phosphate 
NADP 
G6P-DH 
6 PG'4 
•^ NADPH 
MTT (yellow) 
PMS 
^•Formazan (purple) 
2.3.8 Glyoxalase locus (GLOI) 
Bridge buffer 
Tris 
Citric acid 
PH 7.6 
Gel buffer 
Tris 
L-Histidine monohydrochloride 
MgCl2.6H20 
Dilute 1:10 before use 
Stain buffer 
di-sodium hydrogen phosphate 
Sodium dihydrogen phosphate 
O.IM 
0.288M 
0.2M 
0.16M 
0.02M 
0.2M 
0.2M 
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f H 6.8 
Gel preparation 
Agarose (Pharmacia, Type A) 300 mg 
Hydrolysed starch 150mg 
Gel buffer 3 ml 
Distilled water 27ml 
Sample treatment 
Haemolysates were treated for minimum 15 minutes with 
equal amount of 1/70 2-mercaptoethanol. 
Run 
Treated samples were applied into wells about 2cm from cathode 
using a micropipette. Electrophoresis was carried out for Ihour at 
150V in a refrigerator. Therefore the anodal portion of the gel was 
stained. 
Staining 
Glutathione 5 mg 
Methylglyoxal 1 ml 
(pH 7 with NaOH) 
Stain buffer 4 ml 
Developing mixture 
Potassium iodide O.OIM 
Iodine 0.02M 
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Dissolve potassium iodide in 10ml distilled water and add 
iodine. Leave overnight, add remaining distilled water and store in 
a dark bottle. 
The staining mixture was applied using^Whatman No.l filter 
paper overlay placed over the anodal portion of the gel. After 
incubation at 37°C for 30 minutes, the filter paper was removed 
and the gel was blotted gently with another Whatman No. 1 filter 
paper. The developing mixture was poured quickly ^ evenly on 
the entire gel surface. After few minutes the gel was washed 
thoroughly under running tap water. The results were read within 
10 minutes, since bands were seen to fade thereafter GLOl 
activity was seen by the formation of an intense blue colour 
against a clear background (Fig.9). 
Methylglyoxal Glutathione (reduced) 
Glyoxalase I 
S-lactoylglutathione 
2.3.9 Acid phosphatase locus 1 (ACPI) 
Bridge buffer 
Sodium dihydeogen phosphate 
Tri-sodium citrate 
0.245 
0.1 M 
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pH 5.9 
Gel buffer 
1:50 dilution of fresh bridge buffer. 
Stain buffer 
Citric acid 0.05 M 
PH 5 with NaOH solution 
Gel preparation 
Agarose (Litex, Type HSC) 350mg 
Gel buffer 35ml 
Sample treatment 
Haemolysates were treated by/incorporation of 0.14 ml 2-
mercaptoethanol in hot gel mixture before pouring. 
Run 
Samples were applied into wells about 2 cm from cathode 
using a micropipette. Electrophoresis was carried out for 3 hours 
at 150V in a refrigerator. Thereafter, the anodal portion of the gel 
was stained. 
Staining 
4-methylumbelliferyl phosphate 2.5 mg 
Stain buffer 5 ml 
4-Methylumbelliferyl phosphate was dissolved in stain 
buffer and applied to the gel surface using Whatman No.l filter 
paper overlay. The gel was incubated at 37°C for 30 minutes and 
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results were read under long-wave ultraviolet light (-365nm). AP 
isozymes were seen as fluorescent bands against a non-flourescent 
background (Fig.8). 
4-Methylumbelliferyl phosphate 
(Non-fluorescent) 
Acid phosphatase 
Phosphate 4-Methylumbelliferone 
(fluorescent) 
2.4 Statistical analysis 
The unit of study in population genetics is gene rather than 
f -•' 
genotype or phenotype. Thus, to characterise the present 
population groups from the Aligarh, phenotype data, after 
applying chi-square tests, were reduced to allele frequency data 
for estimation of measures of genie variation. genetic 
differentiation and genetic distance. 
2.4.1 Allele frequency calculations 
2.4.1a Estimation of X-linked gene frequencies 
In an X-linked trait like colour- blindness and G6PD enzyme 
deficiency, the frequency of the mutant allele (q) is equal to the 
incidence of the trait among males. For total the gene frequency 
can be obtained in the following way. 
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q= 2/3 qf + 1/3 qm, where qf='q' of female, qm='q' of 
male 
2.4.1b Estimation of autosomal gene frequencies 
Gene frequenc^y of PTC taste ability, Rh blood group, 
sickling trait, and P-thala^ssemia trait w^s computed by Hardy-, 
Weinberg law. If the alleles for normal genotype ^'s represented as 
AA and the alleles for rare homozygote as aa, according to the 
Hardy-Weinberg law, the frequency of the homozygotes aa is q" 
and the frequency of the other two genotypes are p^ and 2pq 
respectively. 
2.4.1c Estimation of multiple allele frequencies 
Gene frequencies of ABO blood group is obtained by the following 
formula (Race and Sanger 1975) 
I°=(l + D/2)(V(0)-f-D/2 
/ 
I' ={\ + D/2)(l-^(0+{B) 
I' =il + D/2)(\-^(0+iA) 
' D ' is deviation and it is 
D= ^iO) + {A)+^(0) + iB)-4(d)-\ 
2.4.1.d Estimation of Co-dominant allele frequencies 
In each of the 4 polymorphic enzyme systems studied here, 
the alleles involved are codominant and genotypes corresponding 
to all phenotypes are known, and, therefore, gene counting method 
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(Mourant et al., 1976) of allele frequency calculation has been 
used for all of them. 
Let each individual be represented by the pair of genes 
comprising his genotype. Then each AA homozygote has two A 
genes, while each heterozygote (AB) has one A and one B gene. 
The total number of genes is twice the number of individuals (n). 
The frequencies of A and B allele were obtained as follows. 
2AA+AB 2BB+AB 
A= and B = 
2n 2n 
2.4.2 The Chi-square tests 
The Chi-square test for goodness of fit was applied to test ' 
significance of deviations between the observed and expected 
phenotype numbers. 
(Number expected-Number observed)^ 
Chi-Square (x^) = S 
Number expected 
The contingency chi-square test was performed for inter 
population comparisons. 
2.5 Measure of genie variation (Heterozygosity) 
Heterozygosity, a measure of genie variation is designed to 
give a compound value of variabilities in allele frequencies at 
various loci in a population. Heterozygosity (H) at a locus is 
defined by Nei (1973) as follows. 
H=l-Sxi2 
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Where 
Xi =frequency of the i"' allele 
The average heterozygosity (H) is the average of H over all 
loci studied. 
2.6 Measures of genetic differentiation 
Two commonly used measures of genie variability among 
local populations with respect to known gene frequencies are 
Wahlund's variance (Wahlund, 1928) and a set of measures given 
by Nei (1973). 
2.6.1 Wahlund's Variance (f) 
In a classic paper, Wahlund (1928) demonstrated that in a 
population divided into several small sub/populations (within each 
of which random mating is taking place), the frequency of 
heterozygotes for a diallelic locus decreases by an amount equal to 
twice the variance of allele frequency among subpopulations 
compared to that expected in a single randomly mating population, 
while the frequency of homozygotes increases by the same 
amount. Thus greater homozygosity will result when the 
subpopulations display greater differences in allele frequency. 
Evidently, the decrease in overall heterozygosity is a direct 
measure of the heterogeneity between subpopulations drifting 
independently. Wahlund's Variance (f) is defined as follows. 
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f = -^-p 
p(l-p) 
Where 
a ' p = Variance of allele frequency p across sub populations, and 
p = Mean of p across subpopulations. 
2.6.2 Nei's measures of gene diversity 
Nei (1973) showed that the gene diversity of the total 
population (Hy) can be partitioned into two components i.e. intra-
subpopulational gene diversity (Hs) and inter-subpopulational 
gene diversity (DST)-
Hj = Hs + DST 
By taking the average gene frequencies of all sub-
populations/ as representative of the total population, the gene 
diversity (Hx) can be calculated. The average gene diversity of all 
subpopulations yields gene diversity within subpopulations (Hs). 
The difference of these two values gives gene diversity between 
subpopulations (DST)- The absolute differentiation among 
subpopulations is measured by DST, while the gene differentiation 
relative to the total population is increased by GST- Thus, 
(jST~ D S T ' H T 
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2.7 Nei's measure of genetic distance (D) 
The genetic relationships among the present population 
groups have been assessed using the measure of genetic distance 
(D) proposed by Nei (1972). D measures the accumulated allele 
differences per locus or codon differences per unit length of DNA. 
Consider two randomly mating diploid populations X and Y 
th in which multiple allele, segregate at the j locus. Let Xi and Yi be 
/ 
the frequencies of the i"' allele in X and Y, respectively. The 
probability of identity of two randomly chosen genes is jx^^Zxi^ in 
population X, while it is jy = Z yi^ in population Y. Thus 
probability of identity of a gene from X and a gene from Y is jx^ = 
Zxiyi. 
The normalised identity (I) of genes between X and Y with respect 
to this locus is given as follows. 
^j =j^l)j.-jy 
This quantity is unity when two populations have same 
alleles in identical frequencies, while it is zero when they have no 
common alleles. The normalized identity of genes between X and 
Y with respect to all loci is defined as follows. 
'=j^iin, 
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Where Jx, Jy and Jxy are the arithmetic means of jx, jy and jxy 
respectively over all loci, including monomorphic loci. 
The genetic distance (D) between X and Y populations is 
then defined as follows. 
D= -Inl 
Dendrogram was drawn as per UPGMA clustering method using 
Phylip (v 3.63) (Felsenstein, 1993). 
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RESULTS 
The present biochemical and genetic variation study among 
people of Aligarh (UP), was based on a total of 6 local population 
groups. Of these, 5 were sub populations of Muslim^ caste and one 
was/Bania of Hindu caste. For the study of each populations' 
various genetic and biochemical markers were investigated. No 
such earlier data are available from this region or else in India. 
The results were compared with populations of other regions of 
India. 
3.1 Genetic and biochemical markers in Aligarh 
3.1.1 Phenyl thio carbamide (PTC) taste ability 
Phenotype (Fig.^10) and allele frequency data for the PTC 
taste ability are presented in Table 1. Pathan shows the highest 
value of 'T ' , and also the lowest ' t ' Ansari, are reverse of Pathan 
population.Again four of the six groups showed significant 
difference in observed genotype frequency from those expected 
under Hardy-Weinberg equilibrium. It is highly significant in case 
of Ansari at 5% level (x^ = 30.4003, df 1, P>0.05) followed by 
Pathan (x^ = 18.7167), Querishi (x" = 18.2792) and Sheikh (x^ = 
8.9353). 
The distribution of ' t ' gene in Muslims of various places of 
India so far reported, is listed in Table 19. It is clear from this 
table that the ' t ' allele frequencies observed in the present study 
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have a range from 0.5384 to 0.7388 vis-a-vis a range of 0.4595-
0.6451 recorded from populations of earlier studies. 
3.1.2 Colour-blindness 
The data on colour-blindness among different endogamous 
groups of Muslims and Hindu Bania studied here are presented in 
Table 2 and 3. The incidence of this trait was surveyed among the 
males only. Incidence of colour-blindness is lowest oiie, i.e.,3-62% 
in the Pathan population, and highest o^e, i.e., 7.37% in the 
Sheikh population (Fig.11); the frequency of ' C and ' c ' alleles 
are equal to their phenotype frequencies. Chi-Square differences is 
significant x^=6.7074, in case of Sheikh (at 5% level, df 1). The 
rate of achromacy in the populations varies from 0.229% among 
Qureishi to 2.78% among Sheikhs, whereas the Banias have higher 
incidence of achromacy 1.16%. The protanopic is equal or lower 
than protanomalic cases,!ivhich is quite natural.The same trend is 
shown by deutanopic and deutanomalic cases among the males. 
The frequency distribution of colour-blindness in Muslims of 
various places of India is listed in Table 20. It is clear from this 
table that the percentage of colour-blindness observed from 
Aligarh population lies within the range of 1.30-11.43 recorded in 
Muslims of other places of India. The frequency of colour-
blindness in Syed Muslims of Chittor was recorded as 4.77% 
(Reddy and Reddy 1989), whereas it is 5.68%, in Syed Muslims of 
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Syed Sheikh Pathan Qureishi Ansari Bania 
Fig. 10. Frequency distribution of tasters and non-tasters 
(PTC) among different populations of Aligarh, U.P. 
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Fig.ll. Frequency distribution of colour-blindness among 
different populations of Aligarh, U.P. 
Aligarh, The frequency of colour-blindness in Muslim-Sheikh of 
Chittor (Reddy and Reddy 1989) is 5.65% and for Andhra Pradesh 
it is 1% (Sethuraman, 1979) whereas it is 7.37% in Muslim Sheikh 
of Aligarh. 
3.1.3 ABO blood group 
Phenotype and allele frequency data for the ABO blood 
group are presented in Table 4. AB blood group is least frequent 
among all populations, and B is the most common followed by 
blood group O (Fig.12). The lowering of AB blood group is mainly 
due to homozygosity of the Muslim population due to practice of 
cosangueinity among their ancestors (Afzal, 1984). A comparison 
of the allele frequencies of all groups show interesting results. 
Analsri population shows the highest 1° allele (0.6029), and lowest 
l'' allele (0.2017). Sheikhs have the highest l'' allele which is 
beneficial for malarial protection in the sub-continen^ Chi-square 
values is significant i^ case of Syed and Bania x^~6.6748 and 
6.0806, P > 0 ^ 5 , df 1. r allele is lowest in case of Syed (0.1351) 
and highest in case of Bania (0.2210). When the allele frequencies 
were calculated, the highest frequency was found to be that of 1° 
followed by l'' and T in all the populations studied here. The 
frequency of T allele lies between 0.1351 in Syed to 0.2210 in 
Bania. l'' lies between 0.1952 in Ansari to 0.2765 in Sheikh 
population. The allele frequency distribution of ABO blood group 
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in Muslim population of various places of India is listed in Table 
21. When compared with the present study, it was observed that 
allele V (0.1351-0.2210), l'' (0.1952-0.2765) and 1° (0.5444-
0.6029) lie within the range; V (0.1184-0.2068), l''(0.1450-
0.2874), r(0.4963-0.7060) recorded in earlier studies. Allele 
frequency of the Pathan of Lucknow was T (0.2105), l'' (0.2166) 
and r (0 .572 I ) (Srivastava, 1975). In the present study it is T 
(0.1897), l''(0.2167) and r(0.5936) . However, allele frequencies of 
r , l'', 1° among Syed of Lucknow recorded earlier varied from the 
present study of Aligarh population viz; it was T (0.2155), I 
(0.2874), r;(0.4963) (Srivastava, 1975) while it is I ' (0.1351), l'' 
(0.2661) and r|(0.5987) in Syed population. 
3.1.4 Rh system 
Phenotype (Fig. 13) and allele frequency data for Rh antigen 
are presented in Table 5. Syeds have the highest ' D ' (0.7448) and 
the lowest 'd ' (0.2551) allele, as a result of prolonged breeding 
followed by Bania ' D ' (0.7424), 'd ' (0.2575). Chi-square among 
Ansari, Sheikh and Pathan (x^=3.181, x^=3.557, x^=3.5100, 
P>0.05, df 1) are under Hardy-Weinberg equilibrium. The allele 
frequency distribution of Rh system in Muslim population of 
various places of India is listed in Table 22. It is clear from this 
table that ' D ' and 'd ' allele observed respectively in the present 
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Fig.l2. Frequency distribution of ABO blood groups 
among different populations of Aligarh, U.P. 
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Fig.l3. Frequency distribution of Rh phenotypes among 
different populations of Aligarh, U.P. 
study (0.6391-0.7448), (0.2551-0.3608) come within the range of 
(0.6954-0.8554) and (0.1421-0.3046) recorded in earlier studies. 
3.1.5 G6PD deficiency 
The data on G6PD deficiency among different populations of 
Aligarh studied here are presented in Tables 6 and 7. G6PD 
deficiency is highest among Sheikh 6.22% (Fig. 14) and Pathan 
5.626 followed by Syed 4.289, Ansari 4.29, Qureishi 3.714 and 
Bania 3.1399.!Frequency of gd allele is maximum in Pathan 0.1473, 
followed by Sheikh 0.1308 and Syed 0.1113, and minimum in 
Qureishi 0.07556, followed by Ansari 0.07963 and Bania 0.0879. 
Chi-square is statistically non significant in each population (x^ = 
0.2547-1.754, df 1, at P>0.05). 
The data available on G6PD system in Muslim population of 
other places of India are presented in Table 23. It is clear from 
this table that the 'gd' allele frequency observed in the present 
study (range 3.1339-6.22) lies within the range (2.00-6.60) 
recorded in Muslim populations of other places earlier. 
3.1.6 Sickle cell trait 
Phenotype (Figjl5) and allele frequency variation of sickle 
cell trait among different populations of Aligarh is presented in 
Table 6. Sickling trait is highest in Pathan (14.2 |3%), followed by 
Syed. All population groups are in genetic equilibrium. The 
frequency of Hb^ allele is highest in Pathan (0.0738), followed by 
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Fig. 14. Frequency distribution of G6PD phenotypes 
among different populations of Aligarh, U.P. 
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Fig.15. Frequency distribution of sickle cell trait among 
different populations of Aligarh, U.P. 
Syed (0.0606), Ansari (0.0535), Bania (0.0513), Qureishi (0.0498) 
and Sheikh (0.0490). The frequency of sickling trait in Pathan 
population of Mirzapur is recorded as (14.29%) (Negi, 1976) 
(Table 24) and it is the same in present study. However, it is 0.0% 
in local Muslim Population of Karnataka (Vijaykumar et al., 1987) 
3.1.7 (^-thalassaemia trait 
Results for P-thaiassaemia trait are shown in Table 9. 
Distribution of thalassaemia trait is low among all the populations 
studied here. In Syed and Pathan population it is 3.12% and 3.19% 
respectively (Fig.16). The frequency of Hb^ in the present sample 
varied from a minimum of 0.00647 in Qureishi to a maximum of 
0.016 in the Pathan. Among Qureishi, Bania, Sheikh and Ansari 
the same is 1.2%, 1.3%, 1.6% and 1.9%irespectively. The goodness 
of fit for Chi-square test of this trait in each population studied 
yielded no significant values (x^=0.07195-0.7195, P> 0.05 df 1). 
3.1.8 Phosphoglucomutase locus 1 (PGMI) system 
The data on phosphoglucomutase locus 1 (PGMI) 
polymorphism among different populations of Aligarh studied here 
are presented in Table 10. No rare phenotypes were detected in all 
the six population examined (Fig. 17). The distribution of the 
phenotypes was in genetic equilibrium for each population group 
tested. j ! ' ' ' 
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Syed Sheikh Pathan Qureishi Ansari Bania 
Fig. 16. Frequency distribution of P-thalassemia trait 
among different populations of Aiigarh, U.P. 
Table 10 shows that the PMGI*2 allele frequency in the 
present groups from Aligarh varied from 0.2430 in the Pathan to 
0.3687 among Syed. The Syed, Qureishi, Bania and Ansari stand 
out with their consistently high PGMI*2 frequencies, 0.3687, 
0.3210, 0.31182, 0.3033 respectively. On the other hand, the 
Sheikh and Pathan of Aligarh are characterized by frequencies 
which fit in a rather lower and narrow range (0.2430-0.2857). 
Among six population groups studied, Chi square is highly 
significant among Pathan ( yj = 10.713, df=2, P>0^05). 
Data on the PGMI system among Muslims of other places 
studied so far are listed in Table 25. As for the common allele, the 
PGMI*2 incidence varied from a minimum of 0.2520 among 
Muslims of Delhi (Papiha et al, 1980) to a maximum of 0.3630 
among Muslims of Pulwana (Kashmir) (Chahal et al., 1989). The 
range (0.2430-0.3687) observed for this allele in the present 
investigation from Aligarh is within that of the previous reported 
from population of other places. 
3.1.9 Glyoxalase locus l (GLOl) system 
The observed and expected (as per H-W law) glyoxalase 1 
(GLOl) phenotypes (Fig. 18), allele frequencies and goodness of 
fit of Chi-square value are given in Table 11. As in the previous 
system, this system also shows only the common phenotypes 
(GLOl, GLOl, 2 and GLO 2) as no rare phenotypes was 
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Fig.18. Distribution of GLOl phenotypes among different 
populations of Aligarh, U.P. 
encountered. In the 6 population groups studied here, the 
frequency of the less common allele GL01*1 varied between 
0.1559 and 0.3427-a rather broad and high range. However, 
barring the Bania population in which the incidence of the allele 
was found to be rather low 0.1559, the remaining groups follow a 
rather narrow and lower range of 0.2842-0.3427. The observed and 
expected distributions of GLOl phenotypes were in agreement in 
each of the six population groups tested {jl =0.1334-0.78046, 
df 2, P> 0.05). 
Earlier data for the GLOl system (Table 26) are available 
only from Andhra Pradesh, Pulwana, Punjab and Delhi, which 
showed a range of 0.2310-0.3270 for the GL01*1 allele. The 
present range (0.1559-0.3424) thus is within that of the previous 
studies reported from Muslim populations of other places of India. 
3.1.10 Esterase D (ESD system) 
Table 12 shows the observed phenotypic distribution and 
allele frequencies of the esterase D (ESD) system among various 
population groups investigated here. All the three common 
phenotypes of the system ESD 1, ESD 1,2, ESD 2 were observed 
but in no group^any rare variant was encountered (Fig.19). Like in 
the PGMl and GLOl systems, in this system also all the six 
groups were found to be in a genetic equilibrium, the differences 
between the observed and expected (under H.-W. equilibrium) 
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phenotype number, being statistically non-significant in each case 
(X^ =0.00658-3.730, df 2, P>0.05). 
As for allele frequencies, the ESD*2 allele showed a narrow 
range - the lowest (0.2581) was recorded in Bania and the highest 
in the Pathan (0.2988). 
As for the Muslim populations of other places of India, 
earlier data on ESD system are available (Table 27) from 
Hydrabad (Kumar and Rao, 1982), Andhra pradesh (Roberts et al., 
1980), Assam (Mukherjee et al, 1989)^ Surat (Papiha et al., 1981) 
Delhi (Papiha and Nahar, 1974, Ghosh, 1977). The ESD*2 allele 
frequency varied an—them from 0.1850 in Muslims of Surat to 
0.2933 in Muslim of Assam. Into this locus alsoy the range 
recorded in the present Aligarh population (0.2581-0.2988) fits 
quite well. 
3.1.11 Acid phosphatase locus (ACPI) system 
The observed variation of the Acid Phosphatase locusl 
System along with expected phenotype numbers and goodness of 
fit Chi-square values are presented (Table 13). This table shows 
that phenotypes ACPI A, ACPI A,B and ACPI B, are present in 
each of the six population groups investigated. No other 
phenotypes like ACPI A,C and ACPI B,C was detected (Fig.20). In 
no group was there evidence for any significant departure of 
observed phenotypes from those expected under Hardy-Weinberg 
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law (x^ = 0.0328-1.054, df 2, P>0.05) of the three common alleles 
of the system, ACPI*A varied from 0.2247 in Ansari population to 
0.2947 in Qureishi of Aligarh. The goodness of fit Chi-square test 
between observed and expected phenotypes of this system in each 
group studied yielded no appreciable values {% range 0.0156-
1.054), df 2, P> 0.05). All intergroup comparisons revealed no 
genetic heterogeneity in the distribution of the ACPI system in 
people of Aligarh. The ACPI phenotype and allele frequency data 
report in Muslims of other places of India are listed in Table 28. 
As for the allele frequency data, the earlier range of ACPI*A was 
(0.2200-0.3280) (Vijay Kumar et al., 1987, Saha et al., 1976; 
Chahal, 1981; Roberts et al., 1980). The present range (0.2247-
0.2947)from Aligarh lies within the reported range. The Qureishi 
population of Aligarh, showed an ACPI*A incidence higher 
(0.2947) than that of other population groups followed by Pathan 
and Sheikh. However, Ansari showed lower ACPI*A (0.2247) 
value. 
3.2 Genetic Structure of the people of Aligarh 
3.2.1 Heterozygosity 
Estimates of heterozygosity for loci and different 
populations are presented in Table 14 and 15. Table 14 shows that 
there is considerable range of variation in the H values over loci 
which vary from as low as 0.02095-:afcifefe:;j^bHb'^ locus to as high 
^'^ ^r<PA 
as 0.57408 at the ABO locus. On the other hand. Table 15 shows 
that the heterozygosity values over population groups vary from 
0.306407 to 0.338758 which comes in a rather narrow range. The 
Bania of the Aligarh district being the least heterozygous and the 
Pathan population of Aligarh being the most heterozygous studied 
here. The mean of average heterozygosity (H) estimates in the 
present study based on eleven loci data on six population groups 
of Aligarh comes out to be 0.324990. 
H estimates reported from Muslim populations of Kashmir 
(0.342) (Bhasin and Khanna 1992) and Uttar pradesh (0.309) 
(Lanchbury et al, 1996), are similar to the present estimate 
(0.322079). This suggest that the extent of genie variability 
between Muslim population of Kashmir and UP is almost same. 
3.2.2 Wahlund's variance (f) 
Estimates of Wahlund's variance (f) in the present 
populations are shown in Table 16. There was great heterogeneity 
in the distribution of the f values over loci considered. ESD 
showed the least values 0.001045 while PTC has the highest 
(0.019513). In other words, genetic differentiation among six 
population groups of Aligarh studied here shows the lowest at the 
former locus and highest at the latter locus. Among the remaining 
loci, GLO showed great heterogeneity (f=0.018646) and G6PD and 
RhD are moderately differentiated being 0.007531, 0.008317 
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respectively. The system viz. V, (0.004721), l''i(0.004212) and 
PGMI*1 (0.006736) are comparatively less differentiated, while 
thalassaemia trait (0.001505), sickling trait (0.001414), ESD*1 
(0.001045) ACP1*A (0.002617) are least differentiated. The mean 
f value over all iM 13 loci, 0.006326, gives an estimate of the 
overall magnitude of genetic differentiation among various 
populations. This implies that the various populations were much 
less differentiated genetically. This may be also due to Muslim 
populations being inbred. 
3.2.3 Nei's gene diversity analysis 
For the 6 population groups of Aligarh, Nei 's various 
measures of gene diversity viz, Hj, Hs, DST and GST are given out 
in Table 17. This table shows that at each locus, interpopulational 
gene diversity (0.000026-0.020815) was only a fraction of the 
total gene diversity (range 0.020973-0.575736). In fact, the mean 
DST over all loci (0.003557) was only about 1% of the mean HT 
(0.411455). This demonstrates that the gene diversity present 
between the various populations are much lower than the gene 
diversity within them. This is in agreement with various earlier 
studies from north and north-west India. Coefficient of gene 
differentiation (GST) values in the present analysis were quite 
variable over eleven loci studied (range 0.000779-0.04444), ABO 
being the least differentiated and PTC being most differentiated 
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locus (Table 18). This may be due to higher selection value for 
ABO locus and lower selection value for PTC trait. Thus it 
appears that the differentiation with respect to various loci had 
been quite different in people of Aligarh. Besides the highest GST 
value for PTC and almost similar higher value for GLOl 
(0.020977), or higher values for Rh (0.007137) and G6PD 
(0.006463), the lower GST values are seen for CB, ABO, sickling, 
PGMl, ACPI and P-thalassaemia trait loci (range 0.000779-
0.001209), which are were indicative of only little differentiation 
of the populations of Aligarh for these loci. The mean GST value 
over all loci (0.008532) gives an estimate of the degree of genetic 
differentiation present among people of Aligarh, and interestingly, 
this figures is close to the mean ' f value (0.006363). GST analysis 
reveal that the degree of genetic differentiation among the present 
caste subpopulations of Aligarh is moderate and comparable to 
that of other populations inhabiting north and north-west Indian 
states of Himachal Pradesh (0.0079 and 0.0077; Bhasin et al., 
1983) Punjab (0.0090; Sehgal et al, 1987) and Haryana (0.0084; 
Joshi, 1992). This may be due to relatively recent separation in 
marriage and relation, following conversion from the recent past. 
3.2.4 Nei's genetic Distance (D) analysis 
Genetic similarities and differences among the 6 studied 
groups were estimated by calculating Nei's genetic distance (D); 
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paired estimates of D are presented in Table 18. This table shows 
that the genetic distance between Sheikh and Pathan was the 
lowest (0.00167), while the same between the Ansari and Bania 
was the highest (0.00969). In other words, the net codon 
differences between the former two groups were measured as 
(0.00165) and between the latter two groups as (0.00969). 
A close examination of the genetic distance matrix reveals 
this value is higher between Sheikh x Ansari (0.00706); as 
between Pathan x Ansari (0.00663). Sheikh x Pathan, Syed x 
Qureishi showed low genetic distances between themselves 
respectively i.e., (0.00167-0.00178). 
Thus the genetic distance analysis among people of Aligarh 
suggests (a) different genetic constitutions of the Ansari and 
Bania, as compared to the Syed, Sheikh, Qureishi and Pathan (b). 
This shows similarity of genetic constitution of the Syed x 
Qureishi and Sheikh x Pathan. 
For visual appraisal of the overall genetic relationships 
among the present 6 population groups of Aligarh, the genetic 
distance matrix of the table is represented by drawing dendrogram 
(Fig.21). This figure shows that Ansari and Hindu Bania 
differentiate from other population groups earlier. The Syed and 
Qureishi, Sheikh and Pathan form subcluster. It is interesting to 
note that within the latter subcluster, the Syed and Qureishi 
population are placed together. Thus early divergence of Bania 
and Ansari, as well as close genetic relationship among Syed, 
Sheikh, Qureishi and Ansari of Aligarh are quite evident from this 
graphic display of the Nei's genetic distances estimates. The 
present study reveals that the Ansari population is the oldest one, 
/ probably/convert from an older lower caste of Hindus. The Syed, 
Qureishi, Sheikh and Pathan populations are the descendants of 
Muslim groups of central Asia and are the most recent .The Hindu 
Bania is older than the higher caste Muslims, but are more recent 
t/O lower caste original population of India. 
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Fig.21. Dendrogram of six population groups of Aligarh, U.P. 

DISCUSSION 
In recent years, studies of genetic markers have become a 
common approach for characterization and differentiation of 
human populations. A vast body of such data are now available for 
Indian (Bhasin et al., 1992) and world (Mourant et al., 1976, Tills 
et al., 1983) populations. However, keeping in view the vastness 
of the country and its people, there is still great scope for 
population genetic studies, especially among different endogamous 
populations. Study of gene pools of these isolates may provide 
some interesting information on their origins and on admixture and 
gene flow from neighbouring populations. Such information may 
be useful in better appreciating their relationship with various 
other populations of a region or country. 
The present study on different endogamous groups of 
Muslims is perhaps the first study in India. Comprehensive data 
on the distribution of gene frequencies of various biochemical and 
genetic markers (except few) are not available. Present study 
indicates that within a geographical area, it is the internal 
structure that regulates genetic differentiation of various 
subpopulation. It may be also evaluated that the population groups 
of Aligarh are exhibiting the similar pattern of distribution of the 
present genetic markers as observed among other population 
groups of India. 
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It is apparent that the groups of Indian Muslims studied 
present phenotypic similarities among themselves. Inspite of 
apparent phenotypic homogeneity, heterogeneity and intra-group 
differences were observable. It is noteworthy that most of the 
frequencies of various markers in the present study compare well 
with those reported for other population groups of their respective 
geographical area. Those similarities in gene frequencies between 
Muslims and other populations (Hindu) tempt us to hypothesize 
that the Muslim groups belong to local populations, prior to their 
being converted to Islam a few centuries ago. Inspite of their 
different cultural background, these populations share the same 
origin, or there has been long lasting genetic interaction among 
them. 
High frequency of non-taster allele in Ansari and Qureishi 
populations may be attributed either to selection or chance 
fluctuation due to genetic drift. The geographical distribution of 
the taster and non-taster allele is not consistent with the 
hypothesis that they have arisen through population sub-division 
within or between continents. Thus, R.A. Fisher's hypothesis that 
balancing natural selection has maintained taster and non-taster 
allele, appears to hold true in humans (Fisher et al., 1939). It may 
be possible that positive natural selection has led to the rapid 
evolution of the non-taster allele, which was then maintained by 
84 
balancing selection. This possibility might explain the unusually 
large number of non-synonymous nucleotide substitution found in 
this gene. It is also possible that specific PTC alleles have been 
favoured by positive natural selection in particular environments, 
resulting in local adaptation. Such effects might account for the 
high frequency of PTC taster-allele in new world populations 
(Wooding. 2004). PTC heterozygotes gain a fitness advantage 
through the perception and avoidance of a larger repertoire of 
bitter toxins than homozygotes. 
Incidence of colour-blindness among Caucasian populations, 
as high as 8.04% (Clements, 1961) and 9.4% (Post, 1962), have 
been reported from various European countries, the lowest 
reported incidences as 1.841% (Rahman, 1998) among the ethnic 
Libyan males, and 1.85% (Applemans, 1953) in Congo from 
African countries. 
Colour-blindness is high among Sheikh population (7.37%) 
and somewhat low in Pathan (3.62%) and Qureishi (3.73%) 
population of Aligarh. This suggests that the selection against 
defective colour vision is more intense among Pathan and 
Qureishi. These findings support the hypothesis of Post (1962) and 
Dronamraju and Meera Khan (1963) that the selective force 
against colour-bliness are much stronger among the aborigins than 
among the non-tribals and that such selection is relaxed as the 
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population becomes more civilized. Kapoor et al. (1983) 
concluded that the differences in these categories for the incidence 
of colour-blindness indicate selection relaxation in settled 
communities. Selection pressure increases and tends to eliminate 
colour-blind individuals from primitive populations, whereas the 
habitats of modern populations provide a protected environment 
for such individuals. High frequency of achromacy cannot be 
explained unless further work is carried out. 
The validity of Post's hypothesis was also tested by Deka 
(1977) who observed low frequencies of colour-blindness among 
scheduled tribes (varies from complete absence to 1.3%), followed 
by scheduled castes (1.56 to 2%) whereas among caste groups, the 
frequency was quite high (5.73 to 6.89 %). 
Indian populations are heterogenous with respect to gene 
frequencies of ABO blood group. B allele is more as compared to 
allele A in North India/ (27%) whereas the latjer is high in East 
India (21%) (Bhasin, Walter and Danker-Hopfe, 1992). So the 
geographic distance and ethnic origin also influence variation in 
the allele frequencies. Relative frequencies of O alleles in 
different racial groups and demonstrate that the origin of this 
variant predates racial divergence, since it is found equally among 
blacks and whites (Franco et al., 1995). Assuming constancy of 
evolutionary rate, diversification of the representative alleles of 
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the three human ABO lineages (AlOl, BlOl and 002) was 
estimated at 4.5 to 6 million years ago (Roubinet et al., 2004). 
ABO blood group frequency in Aligarh shows the trend to be 
normal in different groups for Indian population. 
The variation in frequency of Rh-ve gene i.e. Rh (d) is 15 to 
30% in majority of Indian population, as against 35 to 45% in 
Europeans and zero to 10% in Mongloid population 
(Roychoudhury, 1983). The highest value of 'd ' is observed among 
the population groups of South India (29%) followed by East, 
West and North India (25, 24, 20%). However, the Rh (d) gene is 
lower in the tribes and is almost lacking in some tribes of Bihar, 
Orissa and South India (Bhasin and Chahal, 1996). In Ansari and 
Pathan population, the frequency of Rh (d) allele (0.3608 and 
0.3528 respectively) is similar to European population and this 
high frequency of Rh D-negative individuals is due to mutation, 
chiefly, deletion (Zhou et al., 2004). Genetic isolation of the 
various groups caused by endogamy prevented an extensive 
intermixture of the entire population and thus contributed 
decisively to the maintenance of their genetic diversity, which 
emerged from the co-operation of the various micro-evolutionary 
factors, acting locally and ethnically respectively, in a different 
way. 
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Aligarh is endemic to malarial parasites. The falciparum 
malaria has been shown to play an important role in influencing 
the frequency of several abnormal genes in the red cell, including 
G6PD deficiency, sickle cell hemoglobin genes and the / 
geographical distribution of these genes correlates with malaria 
endemicity. This has led to the suggestion that these abnormal 
genes in the red cell provide a natural resistance against malaria 
(Livingstone, 1971; Luzzatto, 1979). The resistance of the G6PD 
deficient environment being inhospitable for the growth of the 
parasite or, alternatively, due to an increased splenic sequestration 
of the deficient cells that are infected, thus depriving the malarial 
parasite the opportunity to multiply and infect other erythrocytes 
(Luzzatto 1969, Friedman, 1978). 
Among the different ethnic groups, the general frequency 
distribution of HbS trait in schedule/tribes is high (9%) followed 
by scheduled castes (7.4%) (Negi, 1964) whereas among higher 
castes it is almost negligible in India (Bhasin, Walter and Danker 
Hopfe,1992). However, in/Aligarh population, combined frequency 
of Muslim population for HbS trait is found to be 12.57%, of 
which Pathan population shows the frequency of 14%. It is 
difficult to explain why different groups living under the same 
environmental conditions have such a marked difference in the 
prevalence of HbS carrier. It is possible that originally the Pathan 
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populations came from areas where some selective force, possibly 
malaria, had led to the origination of HbS carrier, and over 
generation due to the religious and cultural traditions, the gene 
was concentrated within the community. 
The general frequency of G6PD deficiency has been 
observed as 5% in India (Bhasin and Chahal, 1996). Its frequency 
in different geographical regions show quite high among the 
population groups from East India (7%) and variation from 
complete absence to 27.06 %among Angami Nagas (reported by 
Seth and Seth, 1971), which is followed by Central India, 6 %, and 
it ranges from 3.9% among Muslims to 7.5 % among Hindus, the 
two religious groups studied by Papiha and Chhaparwal (1973). In 
the Northern India, it comes near to / 5%) , and varies in between 
1.66% among North Indians studied by Agarwal et al. (1974) to 
17.90% in North Indians reported by Ahmad et al. (1972). In 
Western India it is AA %, and it varies between complete absence 
to 19.62% among Warlis studied by Joshi et al. (1978),while in 
South India, this value is 4%, which again ranges from 0 to 12.5 
percent is Kurumba of Nilgiri hills, studied by Saha et al. (1975). 
Molecular analysis suggests that the distribution of G6PD 
mutations varies with geographical areas/or ethnic groups (Iwai 
2001). 
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Frequency of G6PD deficiency is normal 4.89% in the 
Aligarh population. The presence of G6PD deficiency in the 
Aligarh is also due to the inflow of population from other regions, 
mainly to the location of an Institution of modern learning called 
Aligarh Muslim University over past 70 years. 
Frequency of P-thalassemia trait in Indian sub continent is 
around 1 in 10 to about 1 in 50 in different groups. Studies on 
Bombay revealed the trait to be 4.2% in Chitrapur Saraswats, 1% 
in Gaud Saraswats and 13.6% in Lohanas (Sharma et al., 1971). 
The Bhanushali community, originating from north India, was 
reported to have about 15% of this trait (Mehta et al., 1971). 
Among Muslims of Aligarh populations, it is found to be quite low 
(2.27%). Low frequency of thalassaemia trait is perhaps surprising 
and it indicates that Muslims populations of Aligarh js similar to 
other caste groups of India. 
All four enzymes viz. PGMl, GLOl, ESD and ACPI shows 
normal range of allele frequency among populations of Aligarh. 
Rare alleles could not be detected due to small population size. 
Nei and Roychoudhury (1972) pointed out that the genes 
controlling morphological characters such as pigmentation and 
facial structure may be subject to stronger natural selection than 
the average genes in the process of differentiations, andy enzymes 
do not show much difference between any two populations. 
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The distribution of PGMl subtypes revealed that the 
frequency of PGMl varied more widely in the Mongoloids (53 to 
71%) and Blacks (48 to 73%) than in Caucasians (61 to 65%). 
Among the various Indian populations investigated so far, there is 
an appreciable heterogeneity in the distribution of PGMl alleles 
(Mukherjee et ai, 1982, Papiha, 1983). 
The PGM'"*" allele frequency is higher among the caste 
groups and lower in scheduled tribes, whereas PGM is higher 
among scheduled tribes than in caste groups. It is 70% in Aligarh 
population, which indicates that Muslim populations of Aligarh is 
similar to other caste groups of India. 
The distribution of common allele ESDI varies from 46.9% 
in American Indians to 94.5% in Negroids. The allele occurs with 
a frequency of about 90% in Europeans, followed by 75% among 
the populations from Indian region (Hopkinson et al. 1973; Papiha 
and Nahar, 1977). It is 71.63% in Muslim? populations of Aligarh 
similar to Indian populations. 
The frequency of GLOl allele is quite high among 
Europeans (44%) and low among Japanese (5.3%). From India, 
high frequency of GLOl allele is observed among Gujjar'^s (38%>). 
,High frequency (31.3%) of GLOl is observed in Muslims 
populations of Aligarh. 
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The incidence of p^ (ACP1*B) is higher than that of p ' 
(ACPI*A) in most populations. In general it ranges from 55 to 65 
percent in Asians. The allele p ' (ACP1*C) is rarely found in Asian 
and aboriginals but occurs i/i low frequency (3-9%) in Caucasoids, 
Compared to Caucasoids, the incidence of p" (ACPI*A) is rather 
low in Africans,while an another allele, p ' (ACP1*R), is present 
among them w;th appreciable frequency (Bhasin and Fuhrmann, 
1972). Allele p'' is found as 72.85% among Aligarh Muslims, 
however no p*^  allele is found. 
The extent of genetic divergence varies considerably from 
locus to locus (GST)- Gene diversity is the most important 
measures of genetic variability of a population and can be related 
to the number of codon differences per locus (Nei, 1977). It seems 
to show a more meaningful interpretation of the result obtained. 
The extent of population differentiation is very low (GST ~ 0.0085) 
probably indicating ancestral commonalities of the populations, 
which are not deeply rooted. Gene diversity analysis also 
demonstrate that the gene diversity present between the various 
population are much lower than that within the populations. Total 
I 
genomic diversity (Hj) among^ sub populations was quite high 
(0.41455). Population-wise estimates of heterozygosily show that 
different caste groups are less heterozygous. Estimates of the 
inter-locus heterozygosity permit some inference about the 
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mechanism of maintenance of genetic variability in populations. 
For estimating the average heterozygosity per locus, however, it is 
better to examine a large number of loci rather than a large 
number of individuals per locus. The mean f value (Wahlund's 
Variance) implies that various- populations are much less 
differentiated. 
The small value of genetic distances between any two 
populations, as observed in this analysis, may be the result of 
migration. Nei and Feldman (1972) have shown that the identity of 
genes in two populations is very high unless the immigration rate 
between them in very small. It is not unlikely that during a long 
time period, gene migration among different caste and linguistic 
populations in India has occurred, although two migrant 
populations maintain socio-cultural isolation from other 
communities. There is no doubt that phenotypic differences exist 
among different castes, tribes, and people living in different 
regions of India. Using nine anthropological characters, Rao 
(1962) divided the twelve castes and tribes of the Uttar Pradesh 
into five clusters with the help of Mahalonobis generalized 
distance. Genetic distance between ^ Sheikh and Pathan is the 
lowest, these two populations are not strictly reproductively 
isolated and as a result genes are not differentiated from each 
other and so they share common allele. Dendrogram shows two 
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clusters between Sheikh and Pathan and Syed and Qureishi 
respectively. Bania and Ansari diverge quite early, and may come 
from early Indian populations.. The inclusion of Syed and Qureishi 
in one cluster is difficult to explain as the former belong to totally 
different rank grouped under Ashraf (high rank Muslims) and the 
later as Ajlaf (low rank Muslims). It may be pointed out that the 
Qureishis of Delhi and Aligarh are quite well-off, fair 
complexioned and have Islamic cultures, which may be due to 
having close affinity with original Qureishi tribes of central West 
Asia, hencc/closer to prophet's clan called Qureish. More studies 
are needed to support this hypothesis by comparison with 
Qureishis of other regions grouped as Ajlaf. 
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